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PREFACE. 


The  Senate  having  ordered  a  revised  edition  of  the  reports  contained  in  this  dooament  to 
be  printed,  the  labor  of  that  revision  was  oheerfolly  undertaken  withoat  compensation ;  and 
it  has  been  ezecated  as  faithfully  and  thoroughly  as  time  and  other  circamstances  have  per- 
mitted. A  careful  revision,  particularly  of  those  portions  which  relate  to  the  manufacture  of 
sugar,  was  very  necessary,  for  the  reasons  :  that,  in  the  first  or  prelimmary  report j  opinions 
had  been  ezpresssd  which  subsequent  and  more  complete  information  modified;  that  the  third 
report  was  originally  written  so  rapidly,  and  with  such  little  opportunity  for  correction,  that 
the  oeemenee  of  errors  in  it  could  not  be  entirely  prevented  ;  and  that  inaccuracies  might 
have  misled  the  mannfaclnrers.  To  have  recast  the  whole  series  and  presented  the  parts 
relating  to  the  sugar  mdustry  in  an  entirely  new  and  digested  form,  with  such  additional  in- 
formation as  the  progress  of  science  and  the  arts  has  recently  developed,  would,  in  the  opinion 
of  the  writer,  have  rendered  it  more  complete  and  better  adapted  to  the  wants  of  those  en- 
gaged in  that  industry.  But  to  perform  this,  neither  authority,  time,  nor  the  requisite 
facilities  ware  possessed  by  him.  To  supply,  though  but  in  part  and  imperfectly,  what  such 
a  work  might  have  contained,  as  well  as  t<^  avoid  changing  and  interpolating  the  text  of  the 
original  reports  to  a  very  considerable  extent,  an  appendix  has  been  added.  It,  however,  is 
by  no  means  complete,  and  is  not  designed  to  present  all  that  is  new  and  important,  but  only 
some  matters  which  are  considered  worthy  of  attention.  To  others  better  qualified,  by 
practical  as  well  as  theoretical  knowledge,  the  important  task  of  furnishing  a  complete  trea- 
tise on  the  sugar  industry  should  be  left. 

R.  S.  McCULLOH. 

MiifT  or  THE  Unitcd  States, 

Decmhtr  12,  1848. 
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Treasury  Department,  February  19,  1845. 

Sir  :  I  have  the  honor  to  transmit,  for  the  information  of  the 
Senate,  a  letter  from  Professor  A.  D.  Bache,  communicating  a  re- 
port of  chemical  analyses  of  sugars,  molasses,  &c.,  made  under  his 
superintendence  by  Professor  K.  S.  McCuIloh,  in  obedience  to  a 
resolution  of  the  House  of  Representatives  passed  21st  July,  1842; 
and  of  researches  on  hydrometers,  in  compliance  with  a  request  of 
this  department,  made  in  consequence  of  representations  that  the 
present  system  of  ascertaining  the  strength  of  distilled  spirits  is 
inaccurate,  and  under  the  authority  of  an  act  of  Congress  approved 
12th  January,  1825. 

I  am,  very  respectfully,  your  obedient  servant, 

GEORGE  M.  BIBB, 

Secretary  of  the  Treasury. 

Hon.  Willie  P.  Mangum, 

President  of  the  United  States  Senate. 
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Letter  ofProfessor  A,  D.  Bache,  transmitting  a  report  oj  inquiries 
^  and  experiments^  made  under  his  superintendence^  by  Professor 
R.  S.  McCullohj  on  sugars^  hydrometers^  Sfc.  • 

Office  of  Weights  and  Measures, 

February  17,  1S45. 

Sir  :  On  the  13th  of  March  last,  I  was  requested  by  the  Treasury 
Department  to  undertake  the  experiments  necessary  for  the  com- 
parison of  hydrometers  in  reference  to  their  use  in  the  collection 
of  the  revenue.  This  request  was  stated  in  the  letter,  hereto  annex- 
edj  of  the  Secretary  of  the  Treasury,  the  Hon.  J.  C.  Spencer,  to 
have  been  made  in  consequence  of  representations  to  the  depart- 
ment that  Dycas's  hydrometer,  for  testing  the  proofs  of  distilled 
spirits  and  liquors,  used  in  the  custom-houses  of  the  United  States, 
was  not  as  accurate  as  was  desirable.  The  department,  at  the  same 
time,  put  at  my  disposal  one  of  Dycas's  instruments,  together  with 
one  by  Tucker  &  Dwelle,  of  Boston,  and  one  of  Sikes's  hydrome- 
ters.    There  were  others,  also,  at  the  office  of  weights  and  measures. 

By  an  act  of  Congress,  approved  on  the  12th  of  January,  1825, 
**  the  Secretary  of  the  Treasury"  is  **  authorized,  under  the  direc- 
tion of  the  President  of  the  United  States,  to  adopt  and  substitute 
such  hydrometer  as  he  may  deem  best  calculated  to  promote  the 
public  interest,  in  lieu  of  that  now  prescribed  by  law,  for  the  purpose 
of  ascertaining  the  proofs  of  liquors  ;"  and  the  subject  appears  to 
have  received  attention  from  the  department  at  different  times, 
without,  however,  definitive  action  in  regard  to  it. 

In  accepting  the  duty  thus  assigned  by  the  department,  I  reserved 
to  myself,  on  a  review  of  the  ground  of  inquiry  and  a  considera- 
tion of  the  experiments  to  be  made,  with  the  time  within  which  the 
department  required  their  results,  to  ask  for  an  assistant,  to  whom 
the  inquiries  and  experiments  might  be  committed,  under  my  direc- 
tion. 

In  June  last,  I  was  requested  further  to  undertake  the  scientific 
investigations  required  by  the  act  of  Congress  of  the,  3d  of  March, 
1843,  in  relation  to  sugar  and  sirups,  and  to  the  saccharine  matters 
contained  in  them,  and  to  connect  these  with  researches  into  the 
saccharine  and  extractive  matters  in  various  kinds  of  liquors.  It 
was  plain  that  the  investigations  thus  required,  together  with  the 
former  ones,  relating  to  hydrometers,  could  not  be  accomplished  in 
any  reasonable  time,  without  putting  aside  the  adjustment  and  com* 
parisons  of  the  weights  and  measures.  I  therefore  proposed  to  the 
department  to  appoint  an  assistant,  who  might,  under  my  direction, 
make  the  investigations  and  researches  required  ;  and,  on  the  re- 
quest being  granted,  nominated  Professor  Richard  S.  McCuUoh, 
formerly  professor  of  mathematics,  natural  philosophy,  and  chemis- 
try, in  Jefferson  College,  Pennsylvania,  as  assistant  in  these  in- 
quiries. By  this  arrangement  the  department  has  bad  all  the  ad- 
van^ge  of  the  attainments  of  Mr.  McCulloh  as  a  mathematician 
and  chemist,  the  devotion  of  his  time  solely  to  these  objects,  by 
which  they  have  been  rapidly  advanced,  and  of  whatever  benefit  it 
originally  proposed  to  itself  in  my  direction  of  the  work.    la 
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justice  to  myself,  I  ought  here  to  remark,  that  no  compensation 
was  asked  or  received  by  me  for  the  superintendence  in  question. 

After  the  appointment  of  Professor  McCulloh,  the  general  course 
of  proceeding  in  the  inquiries  was  soon  marked  out,  and  the  work 
commenced.  We  have  since  conferred  together,  and  corresponded 
frequently  about  the.  details  of  the  inquiries  and  researches,  but 
the  discussion  of  the  various  questions  belongs  to  him  alone.  The 
able  report  of  Professor  McCulloh,  which  I  have  now  the  honor  to 
submit  to  the  department,  dhows  that  I  did  not  overrate  the  a<lvan- 
tages  of  his  services.  This  is,  however,  to  be  considered  a  report 
in  part  only,  several  questions  being  still  reserved  for  examinatioui 
and  time  not  having  yet  served  for  the  full  investigation  of  others. 

The  report  consists  of  two  parts :  the  first,  on  the  analysis  of 
sugars,  sirups,  and  molasses;  and  the  second  on  hydrometers.  In 
the  first,  the  different  methods  of  ascertaining  the  quantity  of  cane 
sugar  present  in  a  pure  solution  are  given,  the  details  of  the  methods 
by  evaporation,  by  specific  gravity  of  the  solution,  by  fermenta- 
tioDj  and  by  the  polarization  of  light,  and  the  application  of  the 
two  last  methods  to  the  analysis  of  mixtures  of  different  kinds  of 
sugars  are  discussed.  A  popular  exposition  of  the  method  by  the 
polarization  of  light  is  followed  by  a  statement  of  the  modes  of 
research  and  results  of  Biot  and  Yentzke,  and  a  description  of  the 
apparatus  used  by  them.  The  methods  and  formulae  are  then  ap- 
plied to  examples  of  analysis,  and  the  various  steps  in  experiment 
and  calculation  are  minutely  given.  Practical  remarks  follow,  in 
regard  to  the  different  compositions  of  molasses  ;  the  error  of  esti- 
mating the  value  of  molasses  by  specific  gravity  ;  the  steps  in  the 
manufacture  of  sugar,  especially  in  relation  to  those  where  im- 
proTements  are  most  desirable,  and  the  researches  required  for  im- 
provement ;  the  vacuum  and  steam  process,  and  the  sources  of  its 
advantages  ;  the  alleged  frauds  upon  the  revenue  in  the  importation 
of  molasses;  the  necessity  and  value  of  researches  on  saccharine 
substances  by  the  methods  explained  in  the  report. 

In  the  second  part  of  Professor  McCulloh's  report,  the  hydrome- 
ter is  discussed.  The  mathematical  and  mechanical  theory  of  the 
instrument  is  given  and  applied  to  its  graduation,  to  explain  the 
origin  of  the  dififerent  scales  in  use,  to  the  corrections  required^ 
and  to  the  effect  of  injuries  to  metallic  hydrometers  by  indentations. 
The  advantages  of  the  decimal  scale  for  hydrometers  are  pointed 
out,  and  the  mode  of  adapting  the  decimal  scale  hydrometer  to  use 
for  liquids  of  different  specific  gravities  is  explained.  The  differ- 
ent materials  of  which  hydrometers  may  be  made,  the  methods  of 
manufacture,  and  the  conditions  necessary  to  secure  accuracy,  are 
discussed.  The  description  of  the  principal  hydrometers,  with  an 
examination  of  their  advantages  and  defects,  and  of  their  theory, 
follows,  and  includes  the  principal  hydrometers  of  France,  England, 
Germany,  Hollan^d,  Switzerland,  and  the  United  States.  The  deci- 
mal scale  hydrometer  is  compared  with  others,  and  its  advantages 
in  point  of  simplicity  are  insisted  upon.  The  remarks  in  regard  to 
the  graduation  of  hydrometers  lead  naturally  to  a  discussion  of  the 
temperature  of  the  maximum  density   of  water,  in   reference  to 
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■which  a  very  full  examination  of  the  experiments  of  Despretz  is 
given,  and  the  method  of  least  squares  is  applied  to  calculate  the 
most  probable  value  of  the  temperature  in  question  from  his  re- 
searches. The  results  of  experiments  on  the  dilatation  of  mixtures 
of  water  and  alcohol  are  collected  and  represented  graphically,  the 
subject  of  the  proof  of  liquors  is  discussed,  apd  the  report  closes 
with  a  comparison  of  different  hydrometers. 

From  the  data  thus  brought  together,  aided  by  the  results  of  thfe 
experiments  which  they  suggest,  it  will  be  easy  to  meet  the  practi- 
cal questions  in  hydrometry,  and  to  furnish  to  the  government  the 
means  of  securing  uniformity  in  the  collection  of  the  revenue,  ao<l 
to  practical  men  generally  accurate  instruments^  adapted  to  the 
wants  of  their  different  arts.  I  have  not  thought  it  necessary,  or 
even  desirable  to  delay  the  presentation  of  this  report  for  the  sake 
of  rendering  it  more  complete,  as  the  supplementary  matter  may  be 
appropriately  given  in  a  further  report. 

Very  respectfully,  yours, 

ALEXANDER  D.  BACHE. 

Hon.  George  M.  Bibb, 

S,ecretary  of  the  Treasury  of  the  United  States, 


Letter  from^  the  Hon.  John  C.  Spencer^  Secretary  of  the  Treasury^ 
to  Professor  A.  D.  Ba,che^  in  relation  to  experiments  upon  hydro- 
meters. 

Treasury  Department^  March  13,  1844. 

Sir  :  It  is  represented  to  the  department  that  DyCas's  hydrome* 
ter  for  testing  the  proof  of  distilled  spirits  and  liquors,  directed  to 
be  used  for  this  purpose  by  an  act  of  Congress  passed  as  early  as 
the  year  1790,  and  still  continued  in  use  at  the  respective  custom* 
houses  in  the  United  States,  does  not  probably  exhibit  as  much  ac« 
curacy  in  this  respect  as  some  more  modern  instruments  used  for 
the  purpose  mentioned.  It  is  therefore  deemed  important  to  the 
interests  of  the  revenue  that  a  careful  and  thorough  investigation 
of  the  subject  should  be  had  ;  and  I  wish  you  to  undertake  the 
matter,  and  to  institute  suitable  experiments fwith  different  hydro- 
meters, and  furnish  me  with  the  results.  The  department  has  in 
its  possession  one  of  Dycas's  instruments,  together  with  ohci-inve&t- 
ed  by  Tucker  &  Dwelle,  of  Boston,  and  also  Sikes's  hydrometer^ 
said  to  be  used  at  the  custom-houses  in  England,  all  of  which  will 
be  furnished  you.  It  is  believed  that  there  are  some  instruments 
of  the  kind  in  the  weights  and  measures  or  coast  survey  office,  pro- 
cured for  public  purposes  by  the  late  Mr.  Hassler. 

To  place  you  in  possession  of  all  the  information  on  the  subject 
in  the  possession  of  the  department,  I  w«uld  add,  that,  by  the  act 
of  Congress  of  the  12tb  of  January,  1S25,  the  Secretary  of  the 
Treasury,  under  the  direction  of  the  President  is  authorized  ^  to 
adopt  and  institute  such  hydrometer  as  he  may  deem  best  calculated 
to  promote  the  public  interest,  in  lieu  of  that  now  prescribed  by  la^ 
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for  ascertaining  the  proofs  of  liquors,  &c."  It  appears,  that  shortly- 
after  the  passage  of  this  law  yarlous  tests  and  examinations  were 
made,  with  the  different  instruments  then  in  use,  both  at  Washing* 
ton,  by  the  late  Doctor  Staughton,  and  at  the  United  States  mint 
ifi  Philadelphia,  by  Doctor  I'attersbn,  father  of  the  present  director 
of  the  mint.  The  examination  at  this  place  was  made  with  Dycas's 
hydrometer,  Gay  Lussac's  alcoholometer,  and  an  instrument  in- 
Tented  by  Tucker  &  Dwelle,  of  Boston.  Mr.  Secretary  Rush,  ia 
giying  the  result  of  this  examination,  states  thatthe  ^^  two  former 
were  found  to  give  the  same  result,  or  with  scarcely  a  perceptible 
difference ;  and  each  indicated  a  higher  degree  of  strength  in  the 
liquor  than  the  latter."  The  report  of  director  Patterson's  obser- 
Tations  was  lost  by  the  conflagration  of  the  treasury  building,  in 
the  year  1833;  but,  as  no  other  instrument  '9^as  substituted  in  the 
place  of  Dycas's  at  that  time,  it  is  probable  no  change  was  deemed 
expedient. 

As  some  of  these  instruments  are  stated  to  be  too  delicate  for 
ordinary  U8«,  it  is  .proper  that  regard  should  be  paid  to  that  fact  in 
the  case  of  any  hydrometer  you  may  recommend,  and  due  allowance 
made  for  their  falling  into  unskilful  hands,  which  is  likely  to  be 
the  case  at  the  custom-houses. 

I  am,  very  respectfully,  your  obedient  servant, 

J.  C.  SPENCER, 
Secretary  of  tAe  Truaupy* 

Professor  A.  D.  Bache, 

Supsrint indent  of  Weights  and  Measuresy  WasMngtot^. 
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REPORT 


tfof.  j3/D.  Bache^  of  researches  made  under  his  .superintendence y 
by  Prof,  R.  S^,  McCulloh^  in  relation  to  sugars^  hydrometers y  etc. 

Washington!  February  18,  1845* 

DsAR  Sir  :  I  have  the  honor  to  submit  the  followiDg  report  of 
the  progress  I  have  made  in  the  researches  confided  to  me.  You 
will,  I  trust,  find  that  I  have  followed  your  instructions  and  ad- 
Tice;  and  the  details  herein  set  forth  will  be  sufficient,  together 
with  such  oral  and  informal  written  communications  as  I  have  from 
time  to  time  made,  to  enable  you  to  judge  of  the  manner  in  which 
I  have  performed  my  task. 

As  the  following  report  is  intended  for  yourself  as  well  as  for 
general  information,  I  have  felt  at  liberty  to  go  mere  into  detail 
and  to  render  it  more  scientific  than  I  should  otherwise  have  done. 
Since,  however,  the  purely  scientific  parts  will  be  of  little  iwtereat 
to  many,  I  have  designated  by  a  star,  in  the  table  of  contents,  such 
articles  as  would  ppssibly  be  found  most  interesting  to  those  who 
desire  rather  to  know  simply  the  results  obtained. 

Considerable  time  of  necessity,  elapsed  before  I  could  procure 
the  requisite  apparatus:  this  enabled  me  more  thoroughly  to  discuss 
the  various  memoirs  contained  in  scientific  journals  and  transactions; 
and  you  will,  I  hope,  find  that  the  time  thus  employed  was  not  un- 
profitably  spent. 

I  cannot  refrain  from  expressing  to  you  my  grateful  sense  of  the 
facilities  I  derived  from  my  friend  Professor  Robert  M.  Patterson, 
direclLor  of  the  United  States  mint,  through  whose  kindness  I  ob- 
tained books  from  the  library  of  the  American  Philosophical  So- 
ciety, and  from  whom  I  also  received  not  only  valuable  informa- 
tion, but  many  suggestions  which  I  found  of  service  to  me.  I 
would  also  acknowledge  the  important  services  of  Messrs.  Booth  and 
'  Boy6,  in  whose  well  furnished  laboratory  I  performed  my  chemical 
investigations,  who  frequently  repeated  my  observations,  and  who 
furnished  me  much  useful  information  and  imported  the  valuable 
apparatus  I  employed.  I  am  indebted  to  them  for  a  full  report  of 
the  labors  of  Yentzke,  in  Berlin,  and  of  their  own  analyses  of  mo- 
lasses, made  in  July,  1843.  The  relationship  which  subsists  be- 
tween us  should  not,  I  think)  prevent  my  mentioning  the  valuable 
services  of  my  younger  brother,  William  J.  McCulloh,  who  kindly 
undertook  the  laborious  task  of  performing  independently  most  of 
the  calculations  contained  in  this  report,  and  discharged  it  faith- 
fully; thus  checking  my  work.     Lastly,  I  would  express  my  thanks 
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to  those  gentlemen  of  the  Tres^sury  Department  who  have  facilitated 
my  labors,  and  particularly  to  Mr.  Crabb,  of  the  Comptroller's 
office. 

I  frequently  use  the  terms  cane  or  crystallizahle  sugary  uncrys- 
iallizable  sugar y  left  and  right  polarizing  sugar ^  grape  sugar ^ fruit 
sugar  J  starch  sugar^  liquid  sugar  j  etc.;  and  it  is  therefore  fit  that 
I  ^ould  define  the  precise  meaning  of  such  terms,  which  I  employ 
technically^  especially  as,  in  ordinary  language,  sugar  is  erroneously 
regarded  as  one  substance,  varying  only  in  purity,  color,  and  con- 
sistence. 

A  sweet  taste  and  salt-like  structure  were  sufficient  in  the  days 
when  accurate  science  had  not  cast  its  light  upon  the  nature  and 
properties  of  saccharine  substances,  to  obtain  for  a  body  the  name 
of  sugar;  and  thus  acetate  of  lead,  composed  of  vinegar  and  the 
protoxide  of  lead,  acquired  the  name  of  saccharum  saturni  or  su- 
gar of  lead.  Such  loose  employment  of  language  is  inadmissible 
in  exact  l^nowledge,  and  hence  chemists  have  found  it  necessary  to 
confine  the  application  of  the  term  sugar  to  such  organic  substances 
as  have,  superadded  to  a  sweet  taste,  the  property  of  being  suscep- 
tible of  alcoholic  fermentation  ;  there  are  a  number  of  different 
substances  which  are  therefore  sugars^  while  some  of  organic  origin, 
and  of  very  sweet  taste,  are  excluded  from  the  class  because  they 
do  not  undergo  vinous  fermentation.  Such,  for  instance,  as  man- 
nttej  the  principal  ingredient  of  manna. 

By  cane  or  crystallizable  sugar^  chemists  and  refiners  mean  i^ot 
only  the  extract  of  the  juice  of  the  sugar  cane,  but  the  sam,e  suJi- 
stance,  however  produced.  The  beet,  the  maple,  the  mefon,  the 
carrot,  the  turnip,  and  the  green  Indian  corn  plant,  all  yield  cane 
or  crystallizahle  sugar ^  in  greater  or  less  proportion.  Hence,  cane 
sugar  means  that  sweet  substance  which  is  susceptible  indirectly  of 
vinous  fermentation;  which,  when  pure,  is  perfectly  white,  crystal- 
lizes in  prisms,  and  is  of  the  specific  gravity  1.6065;  of  which  the 
chemical  composition  is  carbon,  hydrogen,  and  oxygen,  the  two 
last  in  proportions  to  form  water;  w^hich,  in  solution,  possesses  the 
property  of  circular  polarisation  of  light,  and  the  distinguishing 
feature,  with  relation  to  all  other  known  sugars,  of  being  invertible 
by  acids  without  the  aid  of  heat;  and  which  behaves  with  chemical 
tests,  and  particularly  the  copper  test  of  Trommer,  in  the  manner 
described  in  the  subsequent  part  of  this  report. 

By  uncrystallizable  sugar  is  designated  in  contradistinction  any 
other  sugar  than  cane  sugar.  The  distinction  of  left  and  right  po- 
larizing sugar  will  h^ve  no  obscurity  to  any  one  who  may  read  the 
succeeding  chapter. 

Besides  cane  sugar,  and  lactine,  (milk  sugar,)  chemists  agree  in 
admitting  the  existence  of  another  variety,  to  which  M.  Dumas  has 
applied  the  generic  name  of  glucose^  but  which  Liebig  and  others 
have  usually  called  grape  sugar.  Liebig  includes  under  this  head 
not  merely  the  sugar  of  grapes  and  acid  fruits,  but  also  sugar  of 
starch,  diabetic  sugar,  and  all  that  class  of  sugars  which  are  pro- 
duced by  the  action  of  acids  on  vegetable  fibre,  such  as  paper  and 
linen  rags,  or  on  cane  sugar,  sugar  of  milk^  starch,  &c.     And  it  is 
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in  this  extended  though  vague  sense  that  I  have  frequently  employ, 
ed  the  term  grape  sugar j  which  in  strict  propriety  should  be  confined 
to  that  sugar  alone  which  is  obtained  from  grapes.  Yet  Liebig  re- 
marks, that  ^'  although  the  identity  of  different  kinds  of  sugar 
classed  under  the  name  of  grape  sugar  or  glucpse  be  gefierally  ad- 
mitted, it  is  important  to  know  that  there  are  certain  facts  ap- 
parently irreconcilable  with  this  notion.''  Also,  M.  Dumas  says  :* 
"  I  believe  that  glucose  will  be  found  identicaJ,  whatever  be  its 
origin;  whether  from  honey  and  fruits,  or  from  diabetic  urine,  or 
produced  by  chemical  action  upon  starch  and  ligneous  fibre.  But 
this  opinion,  in  which  chemists  do  not  generally  concu^r,  can  only 
be  established  (entierement  jusiifiie)  by  subjecting  all  these  varie- 
ties to  multiplied  and  very  refined  comparative  tests."  And,  further, 
'^  glucose^  properly  so  called,  comprises,  besides  sugar  of  starch, 
that  of  diabetes,  and  perhaps  agglomerated  {mamelonni)  grape 
sugar.  It  is  necessary  to  observe,  however,  that  glucose  obtained 
from  starch,  whether  by  great  pressure,  and  a  small  quantity  oiF 
oxalic  acid,  or  by  the  long  continued  action  of  acids,  differs  in 
rotary  power  from  ordinary  glucose." 

Biot  has  shownt  that  both  Liebig  and  Dumas  have  erred  in  giving 
to  glucose  or  grape  sugar  too  wide  an  interpretation,  and  that  other 
chemists  have  gone  further  than  M.  Dumas  anticipated,  a-nd  applied 
his  term  glucose  even  to  the  saccharine  product  of  cane  juice  under 
the  influence  of  spontaneous  fermentation,  or  of  acids  kfter  satura- 
tion; to  which  product  M.  Bouchardat  has  given  the  name  of  sac- 
charo  glucose.  Biot  shows  that  Liebig,  in  his  Treatise  on  Organic 
Chemistry,  by  comprising  under  glucose  diabetic,  grape,  starch,  and 
fruit  sugars,  confounds  liquid  sugar  of  honey  and  liquid  grape  sugar 
with  solid  sugar  of  grapes,  and  the  latter  with  sugar  of  starch;  that, 
of  all  the  distinct  kinds  of  starch  sugar  which  MM.  Biot  and  Per- 
soz  found  to  exist,  Liebig  mentions  but  one;  and  that  saccharo*- 
glucose  is  by  him  confused  with  the  sugar  of  grapes  and  sugar  of 
starch;  in  short,  that  while  the  distinguished  chemist  of  Giessen 
hesitated  to  pronounce  all  kinds  of  glucose  identical,  by  reason  of 
differences  in  points  of  fusion,  he  was  "  entirely  without  the  thread 
of  the  labyrinth  which  optical  properties  only  could  have  furnished 
him,"  and  that  of  these  he  speaks  loosely  and  inaccurately. 

Glucose,  or  grape  silgar,as  it  is  more  commonly  called,  of  what- 
ever origin,  does  not  crystalize  like  cane  sugar,  in  large  regular  crj^s- 
tals,  but  in  minute  fibrous  crystals,  the  shape  of  which  is  not  dis- 
tinct, but  which  form  tubercular  masses.  On  this  account,  it  is  very 
frequently  called  by  French  writers  sucre  mamelonn^.  Its  taste  is 
at  first  farinaceous,  then  feebly  sweet,  and  mucilaginons  when  it 
hegins  to  dissolve  in  the  saliva.  Its  sweetening  power  is  only  two- 
fifths  of  that  of  cane  sugar;  hence,  in  mixture  with  cane  sugar,  it 
jreatly  impairs  the  quality  of  the  article  for  all  domestic  purposes. 
t  is  also  much  less  soluble  in  water  than  cane  sugar,  and  dissolves 
with  difficulty  even  with  protracted  stirring;  according  to  M.  Bau- 

•  See  Traits  de  Chim.  appliq.  anx  Arts,  t.  6,  p.  274;  Paris,  1843. 
t  See  CoDipt«s  Bend,  dn  JS^ftooes  de  TAcad-i  x.  XY^  p.  69$. 
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drimoat)  water  at.  73^  Eabcenheit  is  saturated  by  0.635  of  its  own 
wei^ht  of  grape  sugar. 

There  is  still  a  third  clask  of  sugars,  which  seem  to  exist  only  in 
the  liquid  stater,  and  to  pass  into  giticose  when  evaporated  to  dry^- 
ness.     Of  these  less  is  accurately  known  than  of  either  of  the  pre* 
ceding  classes*.    These  suprars  have. borne  among  chemists  the  name 
of  fruit  or  liquid  sugar;  M.  Soubeiran  has  proposed  the  term  chy^' 
lariose  for  tUem.     M.  fiiot  found  that  the  sugar  contained  in  fresh 
grapes  differs  from  glai;x)se  in  rotating  the  plane  of  polarization  in 
the  opposite  direolion.     Cane  sugar  also,  in  solution,  is  converted 
by  fermentation  and' acids  into  a  peculiar  sugar  which  polarizes  to* 
the  left;  and  this  sugar  exists  in  large  quantity  in  molasses  whiph  ' 
has  been  long  made.     Both  of  these  liquid  sugars  are  by  evapora- 
tion converted   into    right- poIari9:iRg    giufjose,  and    dannot  after- 
wards  be   made  to  polarize  as  at  fir&t  to  the  left.     M.  Dumas  re^ 
markd  :*  ^' Cane  sugar  form^  a  species  perfectly  distinct.     We  do* 
not  know  in  what  consists  the  modification  which  renders  it  uncrys* 
tallizable  in  mojase^es,  but  it  is  beyond  doubt  that  there  exists  a 
species  of  cane  sug^r  which  has  been  rendered    uncrystallizable. 
Starch  is  converted  by  acids  into  a  distinct  sugar,  which  I  call  giw- 
close;  this  may  also  Jbect)me  incapable  of  assuming  tbe  solid  state; 
there  is  therefore  an  uncrysta,Ui£able  glucose. ^' 

All  these  sugars  are  composed  chemicalLy,'as  are-alsogi^m,  vegeta-' 
ble  fibre,  starch,  &c.,  of  carbon,  hydrogen,  and  oxygen,  the  two 
last  in  proportions  in  which  they  form  water;  ybetice  chemical  ac- 
tions which  deprive  them  of  water,  or  itnpart  it  to  them,  convert' 
often  one  into  another.  S^igar  may  be  considered  also  as  composed 
of  carbonic  acid,  and>  alcohol,  and  texy  flight  disturbances  of  the 
forces  of  attraction  between  their  atoms  will  bring  to  pass  this 
change  of  arrangement  of  their  elements;  such  is  the  explanation 
of  the  phenomenon  of  vinous  fermentation.  Alcohol,  by  combining 
with  the  oxygen  of  the  atmosphere,  is  converted  readily  into  vine- 
gar; hence  the  reason  of  the  modern  German  process  of  allowing 
spir.ts  to  trickle  through  a  pile  of  shavinga,  or  of  hay,  thus^expos- 
ing  a  large  surface  to  the  air,  and  quickly  c6nverting  it  into  vine- 
gar. 

I  have  been  thus  minute  in  the^e  preliminary  remarks,  that  the 
difficulties  of  answering  the  question  in  the  resolution  of  the  House 
of  Representatives,  ^^  what  quaVitity  of  sugar  is  contained  in  differ- 
ent saccharine  substances  ?"  may  be  understood  and  appreciated 
by  those  who  proposed  that  question;  and  that  the  propriety  of  the 
course  pursued  in  these  investigations,  to  attend  chirfly  to  matters 
upon  which  the  experience  of  the  government  shows  knowledge  to 
be  most  requisite,  may  fully  appear.  Before  the  above-mentioned 
question  can  be  directly  answered,  it  should  be  stated,  what  kind 
of  sugar  is  meant.  In  molasses,,  for  instance,  there  are  at  least  two 
kinds  of  sugar^  50  per  cent,  of  good  crystallizable  cane  sugar,  and 
a   large  proportipn   of  liquid    sugar,   mixed  probably   with  grape 

*  See  TraiU  de  Chim.,  app.  anx  Ann,  t,  6,  p.  270.  . 
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sugar,  (saccharcr-gluGose^  In  raw  or  brown  sugar  there  are  con- 
tained, besides  impurities,  both  cane  iugar  and  grnpe  sugar.  So 
also  much  of  the  so  called  refined  sugar  contains  a  large  quantity 
of  grape  sugar,  which  donstitutes  a  great  impurity;  for  its  sweeten- 
ing power  is  two  and  a  half  times  less  than  that  of  .pure  crystalliaied 
cane  sugar.  And  such  is  the  practical  effect  of  this  impurity,  that, 
as  I  had  recently  occasion  to  learn,  three  pounds  of  pure  sugar  go 
as  far  in  preserving  fruits  and  other  domestic  uses  as  four  pounds 
of  the  common  or  imperfectly  refined  loaf  sugar  of  our  markets; 
a  fact  which  is  important  to  be  'known  in  domestic  economy,  for 
the  house  wife's. rule  of  ^'  pound  to  pound"  should  be  changed  to 
three-quarters  of  a  pound  to  every  pound. 

The  necessity  of  investigating  tb^  distinctive  properties  of  differ- 
ent sugars,  before  chemistry  will  have  attained  accuracy  in  this 
important  branch  of  that  scieilce,  will  appear  from  the  confusion 
which  the  preceding  remarks  show  to  exist.  It  is  no  reproach  to 
chemistry, 'howcTerv,  that  such  investigations  have  yet  to  be  made, 
for  as  an  exact  science  it  is  but  half  a  century  in  ag^,  while  organic 
analysis  is  in  its  infancy,  and  most  of  those  to  whom  we  owe 
the  first  accurate  analyses  of  organic  subs^nce^,  as  well  as  the 
methods  employed,  are  still  in  the  prime  of  life  and.  usefulness. 
The  quantitative  and  beautiful  pnethod  by  the  circular  polarization 
of  light  is  scarcely  known  generally  to  chemists;  and  it  is  perhaps 
the  dawn  of  a  nev  branch  of  science,  to  which  M.  Biot  has  already 
given  the  name  '^optical  chemistry."  To  the  young  analytical 
chemist  it  opens  a  wide  and  rich  field  of  research,  and  to  tb«  arts 
it  has  already  yielded  abundant  fruit,  while  it  bids  fair  to  illumine 
minj  of  the  dark  recesses  of  medical  science. 
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SECTION  I. 


On  the  quantiiaiivM,  and  qualitatitfe  analyiis  of  sugars^  sirupBj  imd 
molasits^  und  particularly  those  derived  from  Me  cane. 

1.  Cane  sugar  is  one  of  the  nuknerous  class  of  organic  substances 
whose  elements  seem  to,  be  held  together  by  chemical  forces  of  rery 
feeble  intensity,  so  that  very  slight  causes  are  sufficient  to  alter  its 
nature  and  change  it  into  entirely  different  bodies.  By  fermentatian 
it  is  converted  into  mucilage,  lactic  acid,  or  alcohol  and  carbonic 
acid.  The  influences  exerted  upon  it  by  heat,  atmospheric  air,  and 
nitrogenous  substances,  are  very  powerful  and  important, constituting 
as  they  do  obstacles  to  the  planter  and  refiner,  which  they  have  ear- 
nestly but  in  vain  endeavored  to  overcome.  Science  has  been  called 
to  their  aid  with  but  little  effect;  and  though  of  late  years  important 
improvements  have  been  made,  especially  in  refining, 'the  principal 
difficulties  in  the  manufacture  of  sugar  are  still  unremoved.  It 
will  not,  therefore,  appear  strange  that  the  chemist  has  found  his 
trouble,  also,  in  the  investigation  of  this  substance;  the  agents 
which  be  usually  employs  in  analysis,  without  so  destroying  the 
substance  experimented  upon  that  it  may  not  be  separated  again 
unchanged,  sever  the  elements  of  cane  sugar  so  completely  from 
their  mutual  combination,  that  it  seems  impracticable  to  reunite 
them;  and,  indeed,  the  present  state  of  chemical  science  upon  this 
subject  goes  far  to  show  that  it  is  scarcely  more  possible  to  recon- 
struct the  atom  of  sugar,  when  once  so  destroyed,  than  it  would  be 
to  restore  the  crushed  plantfrom  the  mill  to  the  condition  in  which 
it  stood  in  the  field.  High  rewards  have  been  offered  by  govern- 
ments,  and  by  the  Academy  of  Sciences  of  Paris,  for  an  exact  che- 
mical method  of' separating  and  analyzing  the  different  varieties  of 
sugar  in  mixture  with  each  other  or  foreign  substances.  Such  a 
method  is  yet  undiscovered;  Although  that  almost  liiathematical 
accuracy  which  the  modern  chemist  is  required  to  attain  in  his  in- 
Testigations,  and  \(rhich  will  not  ^dmit  of  errors  in  his  weighings 
of  even  the  hundredth  part  of  a  grain,  has  not  been  reached  in  the 
analysis  of  sugars,  we  possess  methods  which^  for  all  practical  pur- 
poses, are  sufficiently  precise,  and  which  give  earnest  that  exact 
chemical  science  will  not  long  allow  even  this  unstable  substance 
to  elude  its  skill.     These  methods  will  now  be  described. 

2.  If  it  be  required  to  ascertain  the  quantity  of  sugar  contained 
in  a  solution  composed  only  of  pure  water  and  cane  sugar,  Jthis  may 
be  done  by  four  different  methods,  two  of  which  are  applicable  to  . 
svch  solutions  only,  while  the  remaining  two  may  likewise  be  em- 
ployed when  the  solution  contains  other  substances  besides  cane 
SQgar.  These  four  methods  are:  by  evaporation,  by  specific  gravity, 
by  fermentation^  and  by  the  circular  polarization  of  light. 
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3.  By  evaporation. — This  is  best  perf<>rined  under  the  receiver  of 
an  air  pump,  as  beaty  if  protracted,  will  coDvert  cane  sugar  into 
sugar  not  unlike  grape  sugar,  or  that  obtained  from  starch  by  the 
action  of  acids,  diastase',  &c.;  but  for  practical  purposes,  evaporation 
of  smdi]j  quantities  in  a  porcelain  capsule,  by  a  water  bath,  so  that 
the  heat  may  not  exceed  212^  Fahrenheit,  will  give  results  of  suffi- 
cient accuracy.  The  open  flame  of  a  lamp  would  be  apt  to  burn 
Of  caramelize  a  portion  of  the  sugai'.  When  an  air  pump  is  em^ 
ployed,  a  vessel  Containing  concentrated  sulphuric  acid  should  be 
used  to  remove  vapor  from  the  exhausted  receiver. 

In  nice  scientific  investigations,  it  becomes  important  to  fix  the 
standard  which  shall  be  regarded  as  dry,  solid  caae  sug^r.  Brown 
sugars  usually  contain- a  large  quantity  of  q^olasses  and  hygrometrie 
moisture.  And  even  pure  white  crystalli2^d  sugar  exists  in  several 
states  of  aggregation,  which  vary  in  this  respect;  rock  candy  and 
loaf  sugar,  fine  and  coarse  grained,  more  or  less  spongy  in  its  tex- 
ture, differ  from  each  other,  slightly  .it  is  true,  yet  sufficiently  to 
exert  ah  ap^/reciable  influence  in  very  exact,  researches.  Large 
crystals  are  apt  to  enclose  portions  of  the  mother  liquor  between 
their  laminse;  for  this  reason,  rock  candy,  whep  perfectly  white  and 
transparent,  is  not  a  proper  standard,  unless  it  first  be  powdered 
finely  and^  dried.  PprOus  loaf  sugar  would  also  be  an  improper 
6tandard,'cn  account  of  hygrometrie  moisture  held  between  its 
crystals  by  capillary  attraction.  M.  Biot,  who  had  occasion  to 
make  a  series  of  ^  very  nice  researches  upon  this  subject,  takes  as 
a  standard  finely  powdered  rock  candj,  perfectly  white  and  pure, 
and  dried  by  exposure  for  a  long  time  to  the  ordinary  atmospheric 
temperature  in  a  dry  room.  If  stove  dried,  or.  by  means  of  an  air 
pump,  the  hygrometic  state  would  not  be  that  under  which  sugar  . 
usually  exists  in  commerce;  and  this,  its  mean  or  normal  condition, 
is  certainly  that  which  should  usually  be  Uiiderstpod  as  designated, 
when  not  otherwise  expressly  stated.  In  my  own  researches  I  have^ 
employed,  as  a  standard,  powldered  loaf  sugar,  which. had  remained 
in  a  dry  room  for  eighteen  months,  refined  by  J.  S*  Lovering  &Co., 
of  Philadelphia,  by  the  vacuum  process,  and  without  the  use  of 
blood,  eggs,  or  any  other  objectionable  substance  ;  the  purity  of 
which  I  ascertained  by  the  most  delicate  tests ;  and  I  could  not 
detect  in  it  the  slightest  trace  of  foreign  matter.  The  beauty  of  the 
sugar  refined  by  this  house  exceeds  that  of  any  foreign  sugar  I  have 
seen;  and  haying  been  permitted  to  inspect  their  establishment, 
and  .carefully  examine  the  process  of  refining  there  employed, 
through  all  its  difftrent  stages,  I  feel  assured  that  the  sugar  I 
adopted  as  a  standaid  had  been  subjected  to  no  action  which  could 
impair  its  perfect  purity. 

4.  By  rpefific  gravity. — When  sugar  is  dissolved  in  water,  the 
solution  becomes  heavier,  or  possesses  greater  density;  by  mixing, 
therefore,  accurately  determined  weights  of  water  and  sugar,  in  . 
various  proportions,  and  ascertaining  experimentally  the  weight  of 
a  constant  volume  of  each,  tables  may  be  formed  which  will  tell  by 
inspection   the' quantity  of  sugar   contained  in  a  solution  whose 
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dcBfiity  is  either  given  or  ascertained'  by  means  of  an  ordinary 
balance,  according  to  the  well  known  methods,  or  with  a  hydroTne- 
ter  graduated  to  read  specific  gpravites.  Table  I  of  the  appendix 
constructed  by  Niemann,*  and  pronounced  by  Yentzke  to  be  aocu- 
rate,  is  intended  for  this  purpose^  It  is  adapted  to  the  temperature 
of  63|^  Fahrenheit,  (17^^  centigrade,)  but  may  be  used  ^or  tempera- 
tures near  to  that;  for  a  slight  difference  of  temperature  would^only 
affect  the  fourth  decimal  place.  As  hydrometers  graduated  to  read 
specific  gravities  are  rare^  costly,  and  of  difficult  construction,  I 
give  also  table  II,  constructed  by  M.  Payen,  which  shows  the 
-quantity  of  sugar  for  each  degree  of  Beaum6  (p^iinrep,)  the  hy- 
drometer usually  employed  by  refiners  and  planters.  As  tbe  •in- 
strument of  Beaum^  often  yaries,  however,  even  by  whole  degrees, 
according  to  the  skill  and  standard  of  the  maker,  it  should  always 
be  yerified  by  comparin^it  with  the  indications  of  solutions  of  sugar 
'mixed  for  tbe  purpose  in  the  proportions  of  the  table.  A  hydro- 
meter might  readily  be  constructed,  the  divisions  of  which  should 
express  the  per  centage  of  sugar  in  a  solution;  and  such  an  instru- 
;ment  would  be  found  simpler,  and  preferable  to  any  other. 

The  use  of  hydrometers,  though  very  convenient  for^pure*  solu- 
tions of  crystallizable  cane  sugar,  becomes  inadmissible  when  grape 
#ngar,  molasfes  sugar,  or  other  substances,  are  combined  with  it; 
for  each  substance  dissolved  affects  tbe  density,  and  it  is  impossible 
to  distinguish  the  relative  portion  of  the  combined  effect  which  is 
to  be  ascribed  to  the  affenoy  of  each  different  ingredient.  For  this 
reason  hydrometers  will  not  determine  the  quantity  of  cane  sugar 
iff  molasses. 

6.  Before  stating  the  details  of  the  methods  by  fei'mentation  and 
polarization,  aft  these  methoda  are  applicable  to  solutions  contain- 
urg  other  substances  besides  eane  su^ar,  I  shall  ^ive  the  tests  to  be 
employed-  in  tbe  qualitative  analysis^f  jugairs;  the  most  delicate 
and  important  of  which  is  the  copper  test  of  Trommer,  as  commu* 
■ioated  by  Mitscherlieh  to  the  Berlin  Academy *of  Science. f  The 
solution  is  treated  with  aqua  potassse,  and  then  a  dilute  solution  of 
sulphate  of  copper  ia  added.  Cane  sugar  becomes  of  an  intense 
blue  co'lor;  it  may  even  be  boiled  with  an  ext^ess  of  potash  without 
separation  of  protoxide  of  copper,  which  occurs  only  after  protract- 
ed boiHiig.  When  the  experiment  is  performed  wUhout  heat,  the 
solution  remains  unchanged  for  jieveral  days,  and  protoxide  of 
eopper  separates  only  after  long  boiling.  A  slight  separation  of 
'protoxide  of  copper  occurs,  if  it  be  aHowed  to  stand  a  long  while; 
but,  eyen  after  several  weeks,  the  reduction  of  the  oxide  of  copper 
does  not  perfectly  take  place.  If  a  solution  of  grape  sugar  and 
potash  be  treated  with  a  solution  of  sulphate  of  copper,  until  the 
hydrated  oxide  of  copper,  which  separates,  is  redissolved,  aftera 
short  time,  and  at  the  ordinary  temperature,  protoxide  of  copper 
separates;  if  we  warm  tbe  solution,  immediateiy  the  protoxide  se- 

*  8e«  Aimakn  d«r  PhamUMie,  ti.  p.  340. 

t  Be*  Aaaaldii  der  P^rmacie.    iMheg  «ad  WAbler,  toI.  SS,  p.  360. 
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parate6,  and  the  solution  becomes  colorlessy  even  if  a  small  quan- 
tity of  sulphate  of  copper  has  been  added.  A  solution  which  con* 
tains  a  hundred  thousandth  part  of  g^rape  sugar  gives,  when  boiled, 
a  visible  precipitate;  and  when  it  contains  a  miiiionth,  by  trans- 
mitted light  the  solution  has  a  reddish  colox.  We  may  by  this  test 
show  that  cane  sugar,  before  it  enters  into  fermentation,  is  first 
converted  into  a  sugar  resembling  grape  or  fruit  sugar.  Milk  sugar 
behaves  with  the  copper  test  like  grape  sueair,  but  causes  the  reduc* 
tion  of  oxide  of  copper  to  protoxide  still  more  rapidly.  The  pe- 
culiar action  of  this  copper  te&t  is  due  to  the  extreme  facility  with 
which  all  sugars,  except  cane^  reduce  salts  of  copper  in  their  alka- 
line solutions,  when,  raised  for  an  instant  to,bniling.  Owing  to  the 
fact  th)at  boiling  converts  cane  into  uncrystalli«able  sugar,  which 
might  be  supposed  to  pre-exist,  this  test  requires  to  be  used  with 
care;  but  its  delicacy- is  indeed  astonishing. 

With  the  copper  test,  a  solution  of  gum  gives  a  blue  precipitate^ 
insoluble  in  alkaline  water,  but  soliible  in  pure  water,  which,  when 
boiled,  does  not  become  black — a  proof  th«t  the  precipitate  is  not 
hvdrated  oxide  of  copper,  which  parts  with  its  water  and  becomes 
black  at  212^  Fahrenheit;  but  that  it  is  a  combination  of  gum  with 
oxide  of  copper.     So  likewise  behave  starch  and  gom  t^agacanth. 

A  solution  of  dextrine  givesy  without  a  trace  of  a  precipitate,  a 
deep-blue  liquid,  which,  when  allowed  to  stand  a  long  time,  does 
Dot4)hange,  but  from  which,  if  heated  to  185^  Fahrenheit,  a  red 
crystalline  precipitate  of  protoxide  of  copper  soon  separates. 

If  to  a  solution  of  gum  we  add  dextrine,  we  always  obtdin,  be- 
sides a  precipitate,  a  blue-colt)red  liquid.  Dextrine  is,  therefore,  a 
distinct  substance  from  gum.  From  this  reaction  we  may  readily 
be  convinced  that  gum  contains  no  dextrine.  And  when  starch  is 
oonvented,  by  nitric  or  hydrochloric  acid,  into  dextrine;  or  by 
sulphuric  acid,  diastase,  or  animal  membrane,  first  into  dextrine, 
and  then  into  grape  sugar,  the  copper  test  shows  that  no  gum  is 
formed  as  an  intermediate  product.  If  a  precipitate  be  obtained| 
it  is  still  undecomposed  starch,  which  is  readily  shown  by  a  sola- 
tion  of  iodine. 

Cane  sugar  is  readily  distinguished  from  other  solars  by  the 
optical  test  of  polarized  lights  for  acids  convert  it,  without  heat, 
into  a  peculiar  sugar,  which  polarizes  from  ri^ht  to  left,  inatead  of 
from  left  ta  right,  as  for  cane* sugar,  grape  sugar,  starch  sugar,  &c. 
And  this  property  of  being  invertible  by  acids  seems  to  belong  to 
no  other  kind  of  sugar.  Lime  and  alkalies,  which  do  not  alter  the 
color  of  cane  augar,  with  the  aid  of  heat,  render  grape  sugar  dark 
colored.  Cane  sugar  yields  no  precipitate  either  with  the  acetate 
or  sub^cetate  of  lead — a  property  which  enables  us  to  separate  many 
substances  from  its  impure  solutions.  Absolute  alcohol  does  not 
dissolve  it  to  a^y  extent,  while  it  readily  unites  with  liquid  or  un- 
crystailizable  molasses  sugar. 

6.  Upon  these  two  last-mentioned  properties  depends  the  method 
followed  by  my  friends  Messrs.  Booth  and  Boy6,  for  the  analysis 
of  molasseSj  and  which  I  give  as  communicated  by  them  to  me. 
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The  resaltfl  they  thns  obtained  were  embodied  in  a  report  made 
August  1,  1843,  to  Calvin  Blythe,  esq.,  collector  of  the  port  of 
PhUadelphia,  and  new  on  file  in  the  Treasufy  Department^  a  copy 
of  which  (marked  A).  13  also  annexed. 

In  a  bottle,,  carefully  weighed,  put  about  150  grains  of  molasses 
and  an  equal  weight  of  *  clean  white  sand,  to  render  solution  more 
easy  by  separating  the  viscid  mass;  then  add  the  strongest  alcohol 
of  the  shops,  ajnd  digest  the  whole  in  a  water  bat)i  for  nearly  an 
hour,  repeatedly  shaking  the  bottle,  to  dissolre  th/e  molasses  sugar. 
The  bottle  is  all<^wed  to  stand  undisturbed  for  several  hours,  that 
the  solution  may  become  perfectly  clear;  and  it  is  then  decanted. 
After  this  operation  of  washing  has  been  repeated  twice  or  three 
times,  the  bottle  and  its  contents  are  carefully  dried  by  means  of 
a  water  bath,  and  weighed.  The  loss  in  weight  is  the  amount  of 
mncrystallizable  molasses  sugar  dissolved.  The  alcoholic  solution 
may  be  evaporated  and  examined,  to  ascertain,  that  it  contains  no 
considerable  quantity  of  any  other  substance. 

The  residue  in  the  bottle  is  dissolved  in  water,  and  filtered,  to 
separate  the  sand.  The  extractive  matter'  is  then  separated  from 
the  filtered  solution,  by  precipitation  wiih  subacetate  of  lead,  care^ 
fully  added,  so  that  perfect  neutrality  may  be  obtaiaed.  The  pre- 
cipitate is  collected  upou  a  counterpoised  filter,  dried  in  a  water 
bath,  and  weighed.  The  oxide  of  lead,  separated  from  it  by  sul- 
phuric acid,  gives,  by  subtraction,  the  quantity  of  organic  mattei^ 
in  its  composition.    • 

From  the  remaining  solution,  which  contains  cane  sugar,  we  may 
obtain  the  quantity  by  fermentation,  evaporation,  or  polarization. 

This  method,  just  described,  I  followed  only  in  one  instance,  find- 
ing it  more  convenient  to  employ  optical  than  chemical  processes. 

7.  By  fermentation.— It  we  mix  yeast  with  a  dilute  solution  of 
sugar,  and  allow  the  mixfure  to  remain  at  a  temperature  of  80^  to 
90°  Fahrenheit,  after  a  short  time  fermentation  will  ensue,  carbonic 
acid  is  disengaged,  and  alcohol  formed.  Tb^nard  states  that  one 
part  of  jfeast  is  sufficient  for  five  of  sugar;  and  the  proportions  of 
water  and  sugar  which  are  best  adapted  to  the  transformation  are, 
according  to  M.  Colin,  one  of  sugar  and  three  or  four  of  water. 
When  there  is  but  one  of  sugar  to  eight  of  water,  the  action  is 
•aid  to  be  too  slow.  I|i  xny  own  experiments  I  hare  employed  so- 
lutions still  more  dilute  without  inconvenience. 

Now,  as  the  composition  of  cane  sugar  is  very  accurately  deter- 
mined, if  it  were  converted  entirely  into  carbopic  acid  and  alcohol, 
we  might  ascertain  the  amount  of  either,  and  calculate  the  exact 
quantity  of  sugar  from  which  it  was  formed.  A  small  quantity  of 
laetie  acid  is,  however,  produced  at  the  expense  of  the  sugar, 
which  combines  with  ammo,nia  from  the  decomposing  ferment;  yet 
the  quantity  of  lactic  acid  is  very  small,  if  the  fermentation  be 
properly  conducted;  and  as  it  is  proportional  to  the  nitrogen  of  the 
yeaat  employed,  we'  might  obtain  a  formula  for  calculating  the 
sugar  transformed  into  lactic  acid  from  the  weight  of  the  yeast. 
Sugar,  under  peculiar  circumstances,  undergoes  a  particular  trans- 
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formation,  known  as  the  viscous  fettnentatioB^  \mt  tlfUfiever  ocoars 
twben  the  process  is  conducted  properly. 

From  the  preceding  it  will  appear  that  analyses  of  sugar,  by  fer- 
mentation, though  not  rigorous,  are.  yet  sufficiently  accurate  lor 
^practical  purposes.  Pelouze,  in  his  investigations  of  tb«  juiee  of 
the  sugar  beet,  determined  the  quantity  of  sugar  contained  by  the 
alcohol  yielded  in  fermentation.,  But  it  is  easier  to  ascertain  it 
from  the  carbonic  acid,  the  quaalHy  of  which  m»y  b^  m€a«ured 
over  mercury  or  obtained  by  loss  of  weight;  the  latter  is  prefera- 
ble. For  this  purpose,  the  usual  apparatus,  conaiating  of  a  flaidc 
or  bottle,  fitted  with  a  ohloride  of  caUium  tube,  is  employed.  The 
.gvgar  or  saccharine  substance  is  first  accurately  weighed,  then  ia- 
trddnced  into  the  flasl(,  apd  dissolved  in  a  consideraoie  qaantity  of 
.water;  ra  small  portion  of  yeast  being  added,  the  whole  is  weighed. 
.The  moisture  which  accompanies  the  carbonic  acid  is  a,baor)[>ed  and 
tretained  by  the  chloride  of  calcium.  After  the  fermentation  has 
ceased,  the  carbonic  acid  remaining  in  the  bottle  must  be  expelled , 
(by  aucking  atmospheric  air  into  it  with  a  tube;  and  then  the  appara- 
tus should  be  again  wefghed;  the  lo^s  of  weight  is  the  quantity  of 
carbonic  acid  which  escaped.  Now,  every  100  parts,  by  weight,  of 
carboQic  acid,  correspond  to  195,  oe^rly,  of  c^ane  sugar;  wethere- 
fore  determine  the  latter  when  we  ascertain  the  weight  of  the  for- 
mer. During  the  fermentation,  the  niixture  is  apt  to  froth  and  swell 
npx  so  as  even  to  find  ita  way  through  the  chloride  of  calcium  tube, 
and  thus  cause  a  failure  of  tiie  operation.  I  have  foUod  a  small 
quantity  of  olive  oil  floating  on  its  aurface,  whioii  I  tried  at  the 
suggestion  of  my  friend  M.  H^  Boy^,  an  e£feqtual  preventive  of  thia 
accident.  For  the  qualitative  analysis  Of  sugar,  M%  Quevenne  has 
shown  that  fermentation  is  a  very  delicate  test;  yet  it  is  inferior  to 
the  copper  test.* 

8.  By  circular  polarizatien.^^To  a  remarjcable  optical  phenosr- 
^on,  discovered, by  Arago  in  crystallized  quarts  out  perpendicu- 
larly to  its  axis,  and  also  by  Biot  in  liquids  of  vegetable  or  aniinal 
origin,  Freanel  has  given  the  name  of  circtdar  folariz€Uietn.  Biot 
hi^i  iavestigated  the  subject  with  remarkable  skill  and  success,  and 
furnished  to  the  chemist  a  means  by  which  he  may  impress  light, 
jtbat  most  subtle  and  intangible  of  the  agents  of  nature,  into  his 
A^rvice,  and  substitute  it  for  the  balance  in  determining  weights  of 
organic  matter  with  all  requisite  accuracy — ^a  discorery  as  singmlar 
as  it  is  beautiful. 

When  a  ray  of  ordinary  light  is.  transmitted  through  a  rhomboid 
of  Iceland  spar,  or  zny  crystal  which  does  not  belong  to  the  regu- 
lar system  with  three  equal  rectangular  axes  of  symmetry,  it  will, 
>n  almost  every  direction,  be  divided  into  two  rays  of  equal  inten- 
sity, refracted  at  different  angles,  one  in  the  plane  of  incidence, 
the  ordinary  ray;  the  other  in,  a  different  plane,  the  extraordinary 
rf^y.  If  it  com^  from  a  luminous  body,  as  for  instance  a  candlci 
then  an  #ye  looking  through  the  crystal  will  behold  two  images  of 

^  Sse  Jonraal  di»  Phunaftfie,'  t.  zx?ii,  p.  089. 
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equal  brilliancy.  Thii  is  the  property  usually  spoken  of  as  that  of 
double  refraction.  If  tW  crystal  be  reyolved  in  a  plane  at  right 
angles  to  the  ra;  as  an  axis  of  rotation,  then  will  the  images  ap- 
pear to  revolve  round  each  other,  but  their  intensity  -will  not  vary. 
If,  however,  the  ray  be  one  which  has  already  passed  through  a 
doubly  refracting  crystal;  or  wbich  has  suffered  reflection  from  a 
polished  surface  of'  glass  at  an  angle  of  35^  32',  then  will  it  pos- 
sess peculiar  propertleis,  to  which  Malus,  their  discoverer,  has 
given  the  name  of  palarizatiifn.  If  a  ray  of  polarized  light  be 
transmitted  through  a  doubly  refracting  crystal,  it  is  divided  into 
two  lays  of  uneqiial  intensity,  Or  an  eye  wo»ld  behold  two  images 
of  unequal  brightness.  Let  %  be  the  inddent  ray,  x  the  angle 
formed  by  the  principal  section  of  the  second  crystal  with  that  of 
the  first,  or  with  the  plane  t>f  reflection,  0  the  ordinary  ray,  arid  ^the 
extraordinary;  then  will  f 

o=xsi  eos.'x,         esati  sin.  •», 

the  sum  of  which  is  always  eqUal  to  i,  the  incident  ray.  When 
x=sO^  or  x=ss18QPy  then  OSS t  and  «s=sO.  And  when  a:  =90®,  or 
jpts^ZIOPy  we  bare  €$3s{,  and  o=sO.  Hence,  at  each  quadrant,  the 
ordinary,  and  extraordinary  ray  alternately  disappear,  and  these 
two  rays  are  always  complementary  to  each  other. 

Of  doubly  refracting  crystals,  some  are  symmetrical  about  one 
particular  line  of  figure,  others  unsymmetridal;  they  thus  consti- 
ittle  two  drstinct  classes.  If  a  face  be  cut  any  where  upon  these 
crystals,  a  ray  of  light  falling  perpendicularly  upon  it  will  gene- 
-rally  suffer  double  refraction.  But  for  crystals  6f  the  first  -class, 
there  is  one  position  of  the  plane  or  face,  for  which  the  normal 
ray  is  tranJ^mitted  without  division;  while- for  crystals  of  the  second 
class,  there  are  two  or  more  such  positions.  The  normd  ray  for 
such  planes  is  called  an  optical  axis jdind  crystals  are  consequently 
distinguished  as  crysiais  of  one  axis  and  crystals  of  two  or  more 
ikxes. 

When  a  normal  ray  of  hom«ogeneous  polarized  light  falls  upon  a 
plate  of  a  doubly  refracting  crystal  of  one  axis',  cut  perpendicu- 
larly to  that  axis,  it  is  transmitted  unchanged.  To  this  law  quartz 
Resents  the  only  e&ception  among' crystallized  bodies;  and  it  is  to 
the  peculiar  phenomena  presented  afike  by  this  substance  and  cer- 
tain organic  liquids,  under  such  circumstances,  that  the  term  of 
<ircuiaT  polarization^  or  rotdtionj  is  applied.  The  r^y  which  has 
passed  through  them  remains  polarized,  but  its  plane  of  polariza- 
tiea  has  revolved  about  the  atxis;  plates  cut  from  some  specimens 
of  quartz  cause  it  to  revolve  to  t^e  right j  from  others  to  the  left. 
In  that  variety  of  quartz  which  Hauy  called  plagiedral^  the  incli- 
nation of  the  piagiedral  faces  has  been  discovered,  by  Sir  John 
Herschel,  to  determine  and  be  intimately  connected  with  the  direc- 
tion of  the  rotation.  So  likewise  liquids  cause  rotation,  some  to 
the  right,  others  to  the  left.  The  more  refrangible  rays  of  the 
spectrum  have  their  platief  6f  polarization   displaced  the  most; 
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thus  the  plane  of  the  red  ray^  when  that  ray  is  transmitted  through 
a  plate  of  quartz  one  millimetre  in  thickness,  will  deviate,  accord- 
ing to  Biot,  by  an  angle  of  IT  29^  47";  while  the  plade  of  the 
more  refrangible  violet  ray  will  rotate  through  44®  4'  68".  Hence^ 
a  ray  of  white^  polarized  light  will  be  decomposed  into  rays,  of 
every  color  polarized  in  different  planes,  fiiot  has  shown  that  the 
angle  of  deviation  for  each  homogeneous  ray  will  vary  proportion- 
ally to  the  thickness  of  the  stratum  of  liquid  through  which  it 
passes;  and  that  the  apglea  of  deviation  for  the  different  colors 
will)  for  each  respective  thickness,  be  to  each  other  in  constant 
ratio?;  which  ratios  Biot  finds  afso  to  be  the  same  for  every  actiTe 
substance,  except  tartaric  acid^  and  its  combinations.*  The  fore- 
going facts  will  render  the  terms  employed  of  distinct  significa- 
tion, and  at  the  same  time  serVe  to  explain  more  fully  the  phenom- 
ena lipon  which  the  method  of  chemical  analysis  by  circular  polar- 
ization depends. 

In  the  year  1815,  M*  Biot  communicated  .to  the  Academy  of 
Sciences  the  discovery  that  certain  liquids,  such  as  essence  of  tur- 
pentine, oii  of  citron,  spirits  of  camphor,  &c.,  possess  the  property 
of  circular  polarization.  And  the  previous  investigation  which  he 
had  made  of  the  laws  of  that  phenomenon,  as  presented  in  quarts, 
prepared  him  to  «eize  upon  its  more  hidden  and  feeble  indications 
in  liquids.  . 

Yet  it  was  not  before  1832  that  he  had  brought  his  apparatus  and 
methods  to  the  degree  of  perfection  requisite  for  organic  ehemical 
analysis.  By  a  series  of  researches,  made  with  the  greatest  care, 
11.  Biot  arrived  at  the  following  laws,f  The  angle  of  depiution 
for  leqch  ray  of  homogeneous  light  is  proporHonal  to  the  length  of 
the  tube  or  stratum  of  liquid  it  containsythe  density  remaining  con^ 
slant.  It  is  proportional  likefjoise  to  the  number  of  active  particle9 
in  thfi  liquid, 

A  pure  solution  of  caae  sugar,  contaiiung  ten  percent,  of  sugar, 
will  rotate  the  plane  of  polarization  through  twice  the  angle  pro-- 
duoed  by  one  of  five,  the  length  of  the  tube  being  the  same,  nor 
will  this  angle  vary  if  the  solution  be  diluted  with  water,  or  any 
other  inactive  substance^  such  as  alcohol,  sulphuric  ether,  &c.,  if 
we  increase  the  length  of  the  tube  in  the  same  ratio.  Biot  found 
that  spirits  of  turpentine  reduced  tp  the  slate  of  vapor  at  rest  or  ia 
motion,  or  liquid  and  violently  agitated  by  a  mechanical  con- 
trivance moved  by  clock  work,  stilT  retained  its  polarizing  power 
unaltered.  And  lif  liquids  .  polarizing  in  opposite  directions  foe 
mix^d,  in  quantities  inversely  proportional  to  their  rotaty  powers, 
then  will  their  effects  he  mutually  destroyed,  and  the  plane.of  po- 
larization remain  undisturbed.  Hence  it  follows,  that  circ\ilaT  po- 
larizatioki  does  UQt  depend  upon  the  relations  of  sym^metry  or  posi- 
tion of.  masses;  that  it  depends  upon  the  nature  of  the  molecules 
themselves,  and  therefore  is  one  of  the  characteristic  properties  of 
the  substances  which  possessjt;  and  that  the  total  or   integral  an* 

*  Memoires  d6  I'Aoad^cnie,  t.  xv,  p.  95.    Ibid,  ii,  p.  58. 

t  MBinoire*  do  l^Aoaddmie,  t.  zui,  p.  116  ;  t.  zv,  ^.  IQQ  i  t.  xyi^  p.  241. 
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gle  of  deTiatibn  of  the  plane  of  polarisation  for  any  given  ray  is 
the  sum  of  all  the  ihfinitely  small  deyiations  produced  by  the 
molecules. 

The  moltcular  rotary  power  of  a  substance  is  therefore  one  of  thfe 
eonstants  of  its  nature.  For  diiferent  substances,  this  constantis 
either  positire,  to  the  right;  or  zero,  moUcularly  inactive;  or  nega- 
tive, to  the  left.  Let  (aj  represent  the  molecular  rotary  power  of 
an  active  s^ubstance;  for  instance,  of  crystallizable  cane  sugar.  Then 
it  is  evident,  from  the  preceding  that 

■<"-7^rh^- P'' 

In  which  a,  a'  are  angles  of  deviation  for  a  particular  ray,  e.  g.  the 
tiolet  blue,  as  observed  through  tubes  of  the  respective  lengths  / 
{';  and  for  solutions  of  the  densities  i  and  ^'  containing  the  propoc- 
tiens  c  and  s'-^of  active  matter.  This  is  Biot's  formtiTa  for  the  ro* 
tary  power  of  solutions  containing  only  one  kind  of  active  matter^ 
ind  it  is  evidently  adapted  to  logarithmic  Computation. 

To  render  this  formula  more  general  and  convenient  in  chemical 
operations,  suppose  the  solution  to  be  somewhat  colored,  sufficiently 
80  to  render  it  impossible  for  the  naked  eye  to  decide  the  tone  of 
color  produced  by  circular  polarization.  Then,, by  means  of  col- 
ored glasses,  red,  green,  or  yellow,  we  may  still  obtain  the  devia- 
tions of  their  respective  planes,  which  it  may  be  required  to  reduce 
to  the  corresponding  deviations  of  the  violet-bliie  ray,  as  they  would 
have  been  observed  by  the  naked  eye  if  the  solutions  were  perfectly 
colorless.  Now,  as  stated  above,  the  deviations  of  different  col- 
ored rays  are  to  each  other  in  constant  ratios,  except  for  tartaric 
acid;  hence,  let  m  be  the  coefficient  by  which  we  must  multiply 
the  observed  angles  of  deviation  to  reduce  them  to  the  angles  which 
would  have  been  observed  for  the  red  ray,  or  through  a  glass  trans- 
mitting only  homogeneous  red  light,  which  glasses  colored  with 
protoxide  of  copper  are  found  to  do.     Then 

.  («0  =.^  • 
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is  the  general  formula  for  dleviations  of  the  red  ray,  taken  as  a 
standard  of  comparison;*  in  which  (a')aEssm(a)  is  the  rotary  power 
for  the  unit  of  substance,  and  for  the  red  ray. 

The  analytical  chemist  often  finds^  in  his  investigations  of  organic 
bodies,  that  substances  exist  in  solution  whicb  cannot  be  separated 
without  destroying  them,  or  without  admixture  or  combination  with 
other  ingredients.  It  is  in  such  instances  especially  that  the  method 
of  analysis  by  circular  polarization  has  its  greatest  advantages. 
For,  then,  if  the  substance  he  would  isolate  possesses  rotary  power^ 
and  is  the  only  active  matter  in  solution,  he  may  entirely  disregard 
th^  substances  with  which  it  is  mixed.     On  this  account,  distilled 

*  8ie  CUwipMa  fieados  de«  IMaaoea  de  i'AeftdUaiei  t.  x?;  p.  619. 
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'Or  pure  water  is  not  required,  and  eren  water  highly  impregnated 
with  mineral  substances  may  be  used,  provided  it  possesses  no 
chemical  power  to  change  the  nature  of  the  substance  to  be  dis- 
solved in  it. 

Biot  has  found  that  solutions  of  cane  sugar,  and  of  sugars  gener- 
ally, whether  mixed  or  separate,  may,  as  Car  as  their  optical  pro- 
perties are  concerned,  be  regarded  as  simple  mechanical  mixtures. 
To  ascertain  this,  they  were  dissolve  in  very  different  and  numer- 
ous proportions,  and  the  angles,  of  deviation  observed  were  found 
io  be  exactly  proportional  to  the  quantities  of  active  matter  in  so- 
lution. So  that  determinations  by  this  method  possess  all  the  ac** 
curacy  attainable  for  other  substanbes  by  means  of  a  delicate 
'lialance. 

As  (a)  and  (a'^=:m  (a)  are  constants,  for  eaph  chemical  substance, 
ioo  much  care  and  nicety  cannot  be  spent  upon  their  exact  deter- 
mination; and  this  once  done  with  the  required  accuracy,  need  not 
be  afterwards  repeated.  If  by  rigid  observations  we  have  obtained 
t(a)  for  the  violet-blue  ray,  and  (a')  or  the  coefficient  m  for  the  red 
ray  pf  the  protoxide  of  copper  glass,  we  have  by  equation  (1) 

The  density^  is  observed  by  the  well-known  methods  for  taking 
>.8pecific  gravities^  and  I  is  measured.     Hence  s  is  the  only  unknown 
^quantity  in  equation  (2),  and  is  determined  by  it.     To  explain  the 
•precise  meaning  of  the  first  member  of  this  equation — the  value  of 
■  which  is  given  by  the  second,  which  contains  only  known  quanti- 
ties^-if  the  half  pint  measure  be  defined  as  that  which  contains,  at 
^6^^  Fahr.^  the  one-hundredth  part  of  a  cubic  foot  of  water,  aod 
weighs  ten  ounces  troy;  and  if  the  densities  be  either  taken  at,  or 
reduced  by  calculations  to,  this  temperature,  for  which  that  of  dis- 
tilled water  is  assumed  to  be  unity;  then  as  ^  is  the  unknown  per 
cent,  of  active  matter,  in  each  unit  by  weight  of  the  solution,  and 
«'  represents  the  weight  in  ounces  of  a  half  pint  of  the  solution,  9i 
will  represent  the  quantity  in  ounces  of  the  active  substance  con- 
tained in  a  half  pint  of  the  solution;  and  if  we  multiply  by  480,  we 
zshall  reduce  this  to  grains.     It  is  evident  that  i  need  not  be  known 
except  to  obtain  (,  the  per  centage;  and  that  tS  will,  for  practical 
^piurposes,  often  be  sufficient. 

If  we  make  c  =  — ,  and  c'=:  — — ,  then  equation  (2)  gifes 
(a)  («') 

s*=c-l,  ==c'^; 

where  a',  the  angle  observed  directly  with  the  red  oxide  of  copper 

glass,  is  equal  to  a,  the  angle  of  deviation  of  the  violet  blue  ray, 

w4nultiplied  by  m,  the  constant  coefficient.     For  the  glass  which  he 

employed,  M.  Biot  has  found  m«qual  to  ff;  by  which  quantity, 
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therefore^  all  obserTations  of  the  riolet  blue  ray  are  to  be  mutti* 
plied,  to  reduce  them  to  Biot's  red  ray.  By  very  exact  determina- 
tions, M.  Biot  finds  fo^r  cane  sugar  e  =ai  1.4,  and  c'  t=  1.827.  So  that 

a 
«  *=  1.4  —  ,  for  the  yiolet  blue  ray;  and 

a' 
i  t  zssz  1,827  —  ,  for  the  red  oxide  of  copper  glass; 

9.  One  of  the  applications  of  this  method  is  to  obserye  the  quan- 
tity of  diabetic  sugar  contained  in  the  urine  of  persons  afflicted ' 
with  the  peculiar  disease  which  produces  it.  Blot  finds  diabetic 
sagar  given  to 'him  by  M.  P^ligot,  in  1836,  identical  with  that  pre* 
aented  by  the  same  person  in  1840,  and  also  another  specimen  ob- 
tained from  M.  Bouchardat,  and  gives  for  diabetic  sugar  the  for- 
mulae 


Por  the  violet  blue  ray; 

• 

a 
t  i  te  2.176  —  , 

For  the  red  ray, 

a' 
W  =»  2.838  — , 

For  minimum  intensity  of  light,  e  ^  =i=  2.34    —  . 

10.  Hitherto,  we  have  supposed  the  solution  to  contain  only  one 
active  ingredient;  now,  let  it  contain  unknown  quantities  of  crys-^ 
tallizable  cane  sugar  mixed  with  uncrystallizable  sugar,  or  any- 
other  substances,  the  rotary  power  of  which,  if  they  have  any,  is 
not  altered  by  acids,  without  the  application  of  beat;  then^  may 
the  quantity  of  crystallizable  cane  sugar  still  be  readily  determined  ' 
by  the  use  of  acids. 

M.  Biot  has  found  that  the  stronger  acids  generally,  when  intro<> 
dnced  cold  into  solutions,  of  crystallizable  cane  sugar,  invert  the 
polarizing  powf r,  or  cause  them  to  rotate  from  right  to  left,  iristead 
of  from  left  to  right.  And  this  seems  to  be  a  property  belonging  to 
cane  sugar  only.  All  other  sugars  remain  unchanged  uniler  the  in- 
flaence  of  cold  acids.  Certain  varieties  of  starch  sugar,  when 
boiled  for  a  long  time  with  dilute  sulphuric  acid,  suffer  peculiar 
aad  sudden  losses  of  rotary  power,  which,  always  directed  to  the 
right,  at  last  attains  a  minioium  deviation,  at  which  it  remains  con- 
stant. 

In  the  gum  of  the  acacia,  we  have  an  example  of  inversion  by 
sulphuric  acid:  the  rotary  power  directed  from  right  to  left,  gradu- 
lUy  travels  to  the  right,  with  the  separation  of  a  precipitate.    But 
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neither  of  these  exceptions  can  be  coi&foi|aded  with  the  laTersion 

by  cold  acids  for  cane  sugar. 

To  an  aqueous  solution  of  cane  sugar  add  hydrochloric  or  sulph- 
uric ncid,  taking  care  that  it  be  generally  diffused,  and  not  allowed 
to  concentrate  its  action  upon  small  portions  of  the  whole  masS|  so 
as  to  carbonize  them.  The  deviation  to  the  right  will  diminish| 
become  gradually  reversed,  and  at  last  attain  a  maximum  to  the 
left,  at  which  it  will  be  constant.  With  hydrochloric  acid,  even 
one-tenth  or.  eleventh,  by  volume,  will  effect  this  maximum  devia- 
tion in  a  few  hours.  One  or  two  days  pi'oduce  no  change,  but  a 
more  prolonged  action  causes  the  solution  to  become  yellow;  and 
afterwards  the  inverted  deviation  grows  weaker,  until  the  mixture 
ceases  to  be  transparent.  For  observations  of  colorless  solutions 
with  this  acid,  M.  Biot  finds,  if  we  employ  the  violet  blue  ray  of 
the  transition  from  dark  blue  to  orange  red  ip  the  extraordinary 
image,  that  the  inverted  deviation  at  its  maximum  is  0.38  of  the 
primitive  deviation;  each  being  observed  for  an  equal  thickness  anil 
state  of  dilution,  or  reduced  to  such  by  ca.lculation.  For  sulphuric 
acid,  this  ratio  is  somewhat  greater,  and  amounts  to  0.3867.  The 
progress  of  the  inversion  also  is  slower,  unless  the  temperature  be 
raised  to  140^  Fahr.,  in  which  case  it  attains  the  maximum  of  inver- 
sion almost  instantaneously,  and  without  becoming  colored. 

Fermentation  inverts  the  rotary  power  of  cane  sugar,  while  the 
other  sugars  preserve  the  direction  of  their  rotary  power  under  its 
action.  Yet  Soubeiran  has  shown  that  inverted  cane  si^gar  rotates 
to  the  left  only  while  in  the  liquid  state;  by  solidification,  it  re- 
gains its  direction  to  the  right,  and  is  not  afterwards  invertible  by 
acids.  On  the  behaviour  of  cane  sugar  with  acids,  under  all  the 
various  circumstances  of  temperature,  relative  quantity,  &c.,  M. 
Biot  has  made  an  extended  series  of  researches;  and  though  it  is 
two  years  or  more  since  he  promised  them  to  the  scientific  world, 
they  are  not  yet  published.* 

To  analyze  a  mixed  sorution,  ther/efore,  observe  its  primitive  de- 
Tiation;  then  dilute  it  with  a  known  volume  of  hydrochloric  acid, 
and,  allowing  suflicient  time  for  the  inverted  deviation  to  attain  its 
maximum,  observe  the  angle  again.  The  chan^  produced  will  en- 
able us  to  deduce  the  per  cent,  of  cane  sugar  in  the  original  mix- 
ture, as  it  is  due  to  it  only. 

11.  To  obtain  a  formula  for  this  purpose,  let  z  be  the  unknown 
per  cent,  of  cane  sugar  in  each  unit  by  weight  nf  the  mixture — for 
instance,  in  an  ounce  or  grain^ — then  p  ounces  will  contain  p  x  o{ 
4^ane  sugar;  and  p  is  taken  by  a  delicate,  balance;  mix  it  then,  if 
necessary,  with  e  ounces  of  distilled  water.  Then  in  this  solution 
the  proportion  by  weight  of  the  primitive  mixture  is 

P 

9 


J»+« 


*  See  Comptet  Reodof  d€«  fiteso^  de  PAoad^.  t,  Xf i  pp.  534|  697. 
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Afli  the  qntntiiy  of  eryfrtallkable  cane  sugir  it 


px 
•'  — • (3). 


Denote  by  a'  the  prtmitiTe  -deTiation  for  a  particular  refrangible 
ray,  and  by  a"  the  inverted  deyiation  for  the  same  length  of  tube  ' 
and  state  of  dilution,  liet  — r'^  be  the  ratio  of  inversion ,  sO  that  «" 
=  — r"  a  .     For  pure  crystallizable  sugar,  this  ratio,  which  we  will 
call  —  r%  is  equal  to  0.38  when  hydrochloric  acid  is  used. 

Let  S  be  the  portion  of  the  primitive  deviation  produced  by  the 
cane  or  invertible  sugar,  and  D  the  remaining  portion,  produced 
by  the  sugar  which  is  not  invertible.  D  is  additive  to  S,  or  posi^ 
tive,  ir  the  uninvertible  sugar  act  to  the  right;  and  negative,  if  to 
the  left;  but  the  calculations  show  its  sign  as  well  as  its  value.  As 
«'  is  equal  to  the  sum  of  S  and  D;  and  as  the  inverted  deviation 
«'  is  equal  to  S,  changed  by  inversion  to  —  r'  S,  plus  D  remaining 
constant,  we  have 


D— r'S  =  «"==— r'' a'.     J  ^*^ 


Eliminating,  we  have 


D  =  — 


1  +r' 


(6). 


In  these  equations  r'  is  always  in  itself  positive,  because  acids 
invert  the  primitive  deviation  of  cane  sugar.  If  the  inverted  de- 
viation of  the  mixture  also  passes  really  to  the  left,  then  will  r" 
be  likewise  essentially  positive.  But  if  it  remains  to  the  right,  and 
merely  weakened,  r"  will  be  negative.  Observing  this  rule  of  the 
signs,  calculation  will  always  give  S  and  D,  and  the  signs  of  their 
values  will  show  their  directions,  to  the  right,  if  positive,  and  to 
the  left,  when  negative. 

Now  the  deviation  S,  observed  through  a  tube  of  the  length  /,  is 
produced  by  the  cane  sugar  in  the  solution,  of  which  i  is  the  dcA- 
sily  and  s'  the  proportion  by  weight.     Hence,  by  equation  (1) 

S  S 

(«)= . -— -   .     .     -    (6). 

;a  e'      it$x 
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In  this  equatioDi  xasHfae'Only  imbiM^WB  qvaBtity;"  and,  tfaerefor^^ 

s 

... (7). 


Let  (^)  be  the  rotary  power  of  the  primitiye  mixture,  since  it 
produces  the  deviation  o!  through  the  tube  /,  for  the  density  <  and 
proportion  J,  we  have,  by  equation  (1), 

*'  S  (^) 

(^)  == ;;  and  therefore,  x  =  — - — . 

M  «  (a)  a'  : 

To  verify  this  formula,  we  may  apply  it  to  cane  sugar  alone;  for 
which  D  =3  0,  and  S  =a',  and  all. the  active  matter  having  the  ratio 
of  inversion  equal  to  — 0.38,  we  get  r"  =»  r'.  If,  then  standard 
sugar  be  identical,  both  in  purity  and  hygrometric  condition  with  that 
used  \tL  the  experiment,  (^)  =  (a)  and  a:  =  1;  if  the  former  be 
drier  than  the  latter^  then  will  it  also  be  more  active  and  (i?)  will 
be  less  than  (a);  if  less  dry,  (^)  will  exceed  (a).  This  verification 
likewise  serves  to  test  the  delicacy  and  exactness  of  the  method. 
The  algebraic  formute  for  S  and  Dalso  show  that  any  small  errors 
of  observation  enter  into  their  values  affected  by  tbe  denominator 
1  +  f',  in  which  r*  is  necessarily  positive,  and  \«rhich  therefore  eit- 
eeeds  unity. 

1^.  There  are  several  methods  of  determining  angles  of  devia- 
tion; of  these,  the  best  is  probably  that  of  observing  the  violet 
blue  ray.  From  the  law  according  to  which  the  different  rays  are 
dispersed,  Biot  has  been  a]|Ie  to  show  that  this  violet  blue  tint  in 
the  extraordinary  image  corresponds  with  the  deviation  of  the  sim- 
ple yellow  rays,  and^that  it  is  also  the  point  of  minimum  intensity. 
Hence,  the  deviations  are  comparable,  as  for  a  simple  ray;  and  the 
second  peculiarity  allows  the  deviation  to  be  observed  when  the 
image  is  too  feeble  to  discern  its  color.  For  perfectly  colorless 
solutions,  whether  transparent  or  slightly  opalescent,  this  method 
is  therefore  accurate,  convenient,  and  adapted  to  the  naked  eye. 
To  observe  the  violet  bl\ie  ray,  turn  the  analyzing  prism  about  the 
transmitted  ray  as  an  axis;  as  it  revolves,  the  blue  will  become 
more  and  more  dark,  until  it  change?,  almost  abruptly  to  orange 
red;  th^se  two  colors  are  separated  only  by  a  violet  blue  or  bluish 
violet;  and  it  is  at  this  momentary  transition  color  that  the  motion 
of  the  prism  is  arrested.  The  angle  of  deviation  is  then  read  off' 
upon  the  gradu?Lted  limb.  The  suddenness  of  this  change,  and 
strong  contrast  of  colors  on  either  side,  removes  all  uncertainty 
arising  from  peculiarity  of  eyes  in  different  individuals.  From 
childhood  I  have  been  aware  of  a  constitutional  defect  in  my  own 
eye  with  reference  to  the  perception  of  certain  colors  in  the  spec- 
trum; it  seems  to  be  a  partial  insensibility  to  red  light;  and  colors 
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appear  to  me  nearly  a^  deacrihed  hj  Mr.  Dalton  in  the  Manchester 
Memoirs.  I  was  therefore  apprehensire,  before  experimenting  upon 
the  subject,  that  I  should  be  unable  to  determine  angles  of  rotation 
with  accuracy;  but  I  found,  by  repeated  trials^  that  independent  ob- 
servationa  af  the  violet  blue  ray,  made  for  trinnsparent  colorless 
solutions  by  my  friends  Messrsl  Booth  and  Boy6,  did  not  differ 
from  each  other,  not  from  mine,  the  quarter  of  a  degree,  a  quantity 
which  in  these  observations  may  be  disregarded,  as  it  would  not  pre- 
dace  a  personal  equation  greater  than  those  which. usually  affect  che- 
mical analyses.  And  I  am  confident  that  practice  would  have  enabled 
us  to  have  reduced  even  this  difference  to  the  tenth  of  a  degree, 
within  which  the  graduation  of  the  limb  would  not  admit  of  read- 
ing; for  our  later  observations  scarcely  exceed  that  amount  in  varia- 
tion,* and  they  were  made  without  knowledge  of  previous  readings 
on  the  part  of  the  observer.  The  meai^s  of  a  number  of  observa- 
tions would  not,  perhaps,  differ  by  an  appreciable  fraction. 

The  method  of  mininium  intensity  is  rendered  more  exact  by 
observing  azimuths  of  disappearance  and  reappearance  of  the 
image;  their  mean  result  will  not  vary  appreciably  with  consider- 
able fluctuations  of  the  light,  whether  it  be  that  of  a  candle  or  the 
sky.     This  method  I  have  employed  with  satisfactory  results. 

But,  for  observations  of  colored  solutions,  no  method  is,  probably, 
so  convenient  and  accurate  as  that  of  using  an  eye  piece  of  colored 
glass;  and  particularly  of  that  kind  of  glass  which  is  stained  with 
the  protoxide  of  copper,  which  transmits  rays  so  nearly  alike  in 
Tefrangibility  that  the  eye  perceives  no  sensible  difference  of  shade^ 
The  thicker  the  glass,  the  simpler  the  color,  and  the  nearer  it  ap- 
proaches the  C2;treme  red  of  the  spectrum.  But,  as.  th^  quantity 
of  transmitted  light  diminishes  in  proportion  to  its  purity,  we  soon 
attain  a  limit  of  thickness,  beyond  which  the  intensity  becomes  too 
feeble.  To  determine  the  suitable  degree  of  thickness,  refract  the 
light  of  a  candle  through  a  dispersive  prism;  then  place  the  glasses 
to  be  examined  between  the  eye  and  the  faca  of  emergence,  and 
select  those  which  transmit  only  a  red  image.  This  red,  though 
not  rigorottsly  simple, is  yet  so  nearly  so  that  it  will  be  but  slightly 
dispersed,  if  the  angles  of  deviation  be  limited  to  arcs  less  than  a 
quadrant;  and  they  need  Aot  be  greater* 

To  render  the  observations  more  exact  for  the  small  arc  of  non- 
apparition  at  the  point  of  minimum  intensity,  observe  the  azimuths 
of  disappearance  and  reappearance  of  the  image,  and  take,  their 
mean.  The  deviation  of  the  violet  blue  ray  is  fixed  in  nature;  but 
observations  of  the  red  ray  will  vary  with  the  glass  employed;  and 
each  observer  should  the/efore  determine  the  coefficient  m  of  the 
particular  glasft  he  uses,  by  whiqh  his  researches  v^ill  be  rendered 
comparable  with  those  of  other  persons.  For  this  purpose,  he  may 
employ  a  transparent  solution  of  cane  sugar;  the  per  centage,  the 
density,  and  the  length  of  the  tube,  need  not  be  known;  but  the 
angles  of  deviation  for  the  violet  blue  and  the  red  ray  of  his  glass 
must  be  observed  repeatedly,  and  with  the  utmost  care;  the  mean 
determinations  will  give  m,  the  coefficient  sought.  Although  the 
r«sd  oxide  of  copper  glass  is  the  only  kind  yet  known,  for  a  slight 
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thickness,  to  tran^smit  homogeneous  light,  green  glasses,  stained 
with  oxide  of  chrome,  and  some  of  an  ori^nge  color,  when  of  some- 
what greater  thickness,  may  be  substituted;  for  observations  of 
organic  solutions  of  an  orange  color,  an  orange  glass  is  very  well 
adapted.  I  have  to  regret  that  I  have  not  yet  been  able  to  procure 
an  o:Kide  of  copper  glass;  and  the  green,  blue,  yellow,  and' orange 
glasses,  of  which  I  have  tried  a  large  number,  when  examined  by 
means  of  a  dispersive  prism,  have  proved  to  be  very  deficient  in 
their  power  to  transmit  homogeneous  light  without  great  loss  of 
intensity.  But  little  colored  glass  is  manufactured  in  this  country, 
and  scarcely  any  into  forms  which  would  answer  for  these  experi- 
ments. ' 

There  is  still  another  method,  that  by^ comparison  of  coler^ 
adopted  at  the  suggestion  of  Marchand,  and  highly  recommended 
by  Yentzke,*  through  a  tctbe  containing  an  aqueous  solution  of 
anilate  of  iron,  and  transmitting  orange  red  light,  observe  the  same 
luminous  body  which  is  viewed  through  the  rotating  solution;  when 
the  colors  are  of  the  same  tone,  read  off  the  corresponding  angle. 
Whatever  may  be  the  cause,  t  have  hitherto  found  it  wholly  im- 
practicable  to  arrive  at  acourate  results  by  this  method;  nor  do  I 
think  it  owing  solely  to  the  defect  in  my  eye,  above  mentioned; 
for,  though  Messrs.  Booth  and  Boy6  did  not  often  vary  more  than 
one  or  two  degrees,  yet  sometimes  they  differed  five  or  more.  And 
a  scientific  friend,  who  has  no  peculiarity  of  eye  with  regard  to 
color,  and  great  experience  and  skill  as  an  observer,  varied  even 
ten  degrees  in  his  readings  for  the  same  solution.  It  is  very  diffi- 
cult to  render  the  light  of  equal  intensity  in  the  two  tubes;  and 
the  anilate  of  iron  seems  to  undergo  decomposition,  as  a  precipi*. 
tate  separates  in  the  tube.  Of  this  method,  therefore,  I  hesitate 
to  decide,  or  pronounce  any  opinion,  without  giving  it  another  and 
a  fairer  trial. 

13.  Those  who  would  pursue  researches  in  Optical  Chemistry 
must  make  themselves  thoroughly  acquainted  with  the  details  and 
principles  of  construction  of  the  apparatus  employed.  These  they 
will  find  fully  and  clearly  developed,  together  with  all  necessary 
information  respecting  manipulations,  in  the  papers  of  Biot,  to 
which  I  refer.f  For  more  general  information,  I  will  now  en- 
deavor briefly  to  describe  his  apparatus,  as  well  as  that  of  Yentzke, 
which  I  have  used;  and  to  which,  from  comparison  with  an  instru- 
ment of  M.  Biot,  of  very  superior  workmanship,  made,  I  believe, 
by  M.  Soleil,  of  Paris,  for  J.  S.  Levering  &  Co.,  of  Philadelphia, 
I  give  a  decided  preference.  The  apparatus  I  used  was  imported, 
with  a  similar  one  for  their  own  use,  by  Messrs.  Booth  and  Boy6, 
and  was  made  by  Mavwald,  in  Berlin;  the  workmanship  appears  to 
he  ^cellent.  It  is  also  accompanied  by  two  hydrometers  for  tak- 
ing densities,  and  a  thermometer,  by  J.  G.  Greiner,  of  Berlin; 
which  are  of  remarkable  delicacy  and  beauty. 


*  BtB  JonrQAl  fftr  Praktische  Chemie,  toI.  zxt. 
.  t  See,  panic  '-'-  *-  ^'  '^~  '"  ^'  '**^- 
Septem.,  1840. 


t  See,  particularlyi  An.  de  Cluia.  et  de  Pbfe.>  t.  64|  p.  401i  also,  Compte*  Reoddf ,  7. 
,  184^ 
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Tke  appar&ltts  of  M.  Biot  is  very  simple;  it  consists  essentialljr 
x)f  a  polished  black  glass  plate  A,  to  reflect  the  light  at  the  angle 
of  Malus  (see  Fig.  1)  of  a  tube  suitably  inclined  to  receive  the 
polarized  ray  and  contain  the  liquid  B;  and  a  prism  of  Iceland 
spar,  achromatized  by  removing  a  portion  of  the  crystal  and  sub- 
stituting glass  in  its  place,  and  attached  at  the  centre  of  a  gradua- 
ted limb  to  an  alidade  C,  in  such  a  manner  as>to  b«  susceptible  of 
adjostment  in  azimuth.  The  whole  is  firmly  attached  to  proper 
sapports.  The  observer  should  place  himself  in  a  dark  room,  tp 
.  render  his  eye  more  sensible  to  delicate  impressions,  and  shut  out 
«il  light  except  that  which  passes  through  the  tube. 

The  apparatus  of  Ventzke  is  not  much  more  complicated,  and  is 
composed  of  two  doubly  refracting  prisms  of  Iceland  spar,  (see 
P^S*  ^j)  ^^  analyzing  prism  A,  fixed,  as  M.  Biot's,  to  a  movable 
alidade  at  the  centre  of  a  graduated  iimb,  and  a  polarizing  prism 
B,  of  which,  by  motion  about  the  ray  as  an  axis,  the  principal 
section  may  be  nicely  adjusted  by  a  tangent  screw  C,  to  a  position 
at  rtgbt  angles  to  that  of  B,  when  the  index  points  to  zero  upon 
tke  limb,  and  the  intensity  of  the  ordinary  ray  becomes  t  c6^,^x=ssi 
cos.»90^=aO,  or  perfectly  dark.  The  intense  light  of  the  sun's 
direct  ray  is  used  to  fix  this  zero  point.  Between  these  prisms  the 
tnbe  D  is  placed,  which  contains  the  solution;  and  its  ends  are 
closed  with  glass  discs.  The  light  employed  is  that  of  an  argand 
lamp.  The  doubly  refracting  crystals  are  NichoFs  prisms;  they 
ar-€  made  by  grinding  the  rhombohedron  of  calcareous  spar  until 
its  terminal  planes  form  angles  of  68^  with  its  obtuse  lateral  edges. 
It  is  then  cut  diagonally  and  at  right  angles  to  the  new  planes. 
The  crystal  so  divided  is  joined  together  again  by  Canada  balsam, 
whose  index  of  refraction,  1^55,  lies  between  that  of  the  ordinary 
ray,  1.66,  and  that  of  the  extraordinary  ray,  1.48,  and  operates 
upon  the  two  rays  in  opposite  directions,  separating  them  so  wide- 
ly that  the  extraordinary  image  may  be  made  to  disappear.  The 
polarization  by  this  prism  is  much  more  complete  than  by  reflex- 
ion, and  the  light  is  much  more  intense;  the  limited  field  of  vision 
is  the  only  objection.  Yentzke's  apparatus  is  far  more  compact 
and  transportable  than  Biot's,  and  is  therefore  much  more  conven- 
ient for  general  use.  To  adapt  it  to  the  wants  of  practical  men, 
refiners,  planters,  and  others,  a^d  avoid  all  calculations,  Ventzke 
has  computed  tables,  and  attached  to  the  graduated  limb  a  pinion 
which  turns  a  wheel  fastened  to  the  analysing  prism  and  the  ali- 
dade. Upon  a  disc  A.  (Fig.  3,)  firmly  united  with  the  pinion,  the 
per  centage  is  read  off 'directly  for  solutions  of  the  normal  density 
of  1.1056  at  63^"^  Fahrenheit,  and  with  tubes  of  the  normal  length 
of  .234  millimetres.  By  means  of  his  tables,  densities  observed  at 
Mker  degrees  of  the  thermotneter  may  be  reduced  to  th6  normal 
temperature. 

As  Ventzke  has  not  given  the  calculations  and  experiments  upon 
wLich  he  bases  his  tables,  I  prefer  to  employ  the  method  and  for- 
mulae of  M.  Biot,  even  though  they  involve  some  calculation. 

In  the  thirteenth  volume  of  the  Memoires  de  l'Acad6mie,  M.  Biot 
gives  a  table  fpr  solutions  of  cane  sugar,  which  I  annex,  (see  table 
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3;)  but  I  prefer  to  U9^  his  formulae^  as  that  table  was  constructed 
with  data  taken  from  his  earlier  and  less  exact  determinations. 

Analysis  of  several  specimens  of  molasses  by  the  circtdar  polarisM^ 

Hon  of  light. 

14.,  To  take  the  specific  gravities  of  these  8ul)stancesy  I  found  none 
of  the  uspal  methods,  for  liquids  well  adapted;  in  seTeral  of  them 
there  were  considerable  deposites  of  sugar  or  other  solid  matter) 
to  arrive  at  mean  results,  these  deposites  had  to  be  stirred  up  from  . 
the  bottom,  and  mixed  intimately  with  the  fluid  portion,  so  as  ta 
form  a  homogeneous  mass.  In  doing  this,  a  large  number  of  small 
bubbles  of  air  become  entangled  in  the  viscid  mixture,  which  will 
not  all  escape  until  it  has  stood  quietly  for  twenty- four  hDurs.  The 
use  of  the  pise  sirop  of  Baum^  is,  therefore,  impossible,  for  it  would 
either  be  effected  b^  the  bubbles  of  air,  or  give  no  indications  for 
the  solid  matter.  A  specific  gravity  bottle  was  found  objectiona«' 
ble  on  account  of  the  impracticability  of  removing  air  bubbles  from 
the  neck.  I  found  a  surgepn's  cupping  glass,  ground  so  as  to  fit 
tightly.upon  a  small  disc  of  plate  glass,  to  ans^wer  every  purpose.  It 
could  be  filled  perfectly  with  water  or  molasses,  and  e^en  washed  and 
wiped  with  a  towel  until  dry,  if  carefully  done,  without  loss  or  ac- 
cident; and  the  glass, disc  would,  of  itself,  adhere  so  closely  as  to 
render  it  liable  to.no  risk  of  slipping  while  upon  the  balance. 

The  eup  and  disc  were  found  to  weigh  1107.8  grains;  filled  with 
water,  it  weighed  2328.7  grains. 

Therefore,  1220.9  grains  is  the  weight  of  the  water  alone;  log. 
1220. 9^=3.0866801,  which  is  the  constant  logarithm  to  be  sub- 
stracted  from  that  of  the  weight  of  an  equal  volume  of  each  speci-* 
men.  The  accompanying  table  contains  the  data  and  correspond- 
ing results: 


afoiu. 

sec. 

Weight  in 
grains,  y. 

Log.  y. 

Diflerence  of 
log.. 

Specific 
gravity. 

No. 
1 
2 
3 
4 
5 

1713.2 

1703.6 

1674.8 

1061. 

1710.S 

3.233S081 
3.2313676 
3  2239630  * 
3.2-^05003 
3.2331992 

0.1471280 
0.1446875 
0.1372829 
0. 1348202 
0.1465191 

1.4032 

1.3953 

1.37176 

1.36089 

1.40126 

15.  The  following  are  determinations  by  Yentzke's  tables  for  the 
quantity  of  water;  obtained  by  observing  the  densities  of  solutions 
composed  of  three  parts  by  weight  of  molasses,  and  seven  of  water: 
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aefl. 

Speoifio  gra- 
Tity  of  aq. 
solution. 

Toniporat. 
oeatigcaiie. 

Per  cent, 
of  water. 

Per  oent.  of 
solid  matter. 

No. 
1 
2 
3 
4 

.  5 

1.1014 

1.0985 

1.094 

1.088 

1.100 

o 

15 

17.3 

20 

15 

12 

20.32 

22.04 

24.9 

30.5 

21.7 

79.68 

77.96 

75.1 

69.5^ 

78.3 

The  specific  gravities  were  taken  by  a  hydrometer  made  hy  J.  J. 
Oreiner.  The  fifth  column  is  obtained  from  the  fourth,  to  which 
it  is  complementary. 

The  analyses  by  Yentzke's  tables,  if  we  use  the  observed,  angles 
of  deviation  for  the  anilate  of  iron,  would  therefore  be: 


MolMOS. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

CanesQgar 

LiquidsQgar 

Water 

57.37 
22.31 
20.32 

51.14 
26.82 
22.04 

50.67 
24.43 
24.90 

45.17 
24.33 
30.50 

59.9 
18.4     . 
21.7 

The  angles  are  those  of  the  following  data. 

16.  £qual  parts  by  weight  of  molasses  and  water  were  filtered 
through  bone  black,  contained  in  displacement  tubea  of  lengths 
varying  from  one  to  .three  feet,  until  perfectly  decolorized;  by  add- 
ing water,  the  colorless  solutions  were  brought  to  the  normal  den- 
sity 1.1056  at  63^^  Fahrenheit;  they  were  then* observed  through 
tubes  of  the  normal  length  of  234  millimetres,  with  the  results  of 
the  table: 


Observer. 

Booth. 

Boy^. 

McCaUok. 

Mean^. 

Booth. 

Bo;^. 

MoCoUoh. 

Meant. 

■" 

Violet 

Violet 

Violet 

Anilate 

Anilate 

Anilate 

No. 

ray. 

ray. 

ray. 

of  iroa. 

of  iron. 

of  iron. 

1 

24!5 

24?25 

24?5 

24!41 

74.1 

68.1 

74t 

721 

2 

.... 

25.83 

25.75 

25.79 

• .  •• 

66. 

65? 

65.5 

3 

23. 

23. 

23. 

23. 

69 

68.5 

69? 

68.8 

4 

24.25 

24-75 

25.5 

25.5 

66 

64, 

? 

65. 

6 

26.20 

28.25 

28.15 

28.15 

76 

77. 

t 

76.5 

17.  To  compare  the  results  of  these  different  methods,  I  formed  a 

Mlutlon  containing  25  per  cent,  by  weight  of  pure  crystallized  caae 

ugar,  and  found  it  of  the  nofmal  density.  This  solution  (Ye&taeke'i 
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normal  solution)  should  read  for  the  anilate  of  iron  56^  or  on  the 
pinion  disc  160  per  cent.;  trhich  I  found  to  be  the  case  for  the  eyes^ 
of  Messrs.  Booth  and  Boy6y  as  well  as  for  my  own.  The  violet 
ray  was  observed  by  Mr.  Boy 6  and  myself^  with  the  same  result^ 
42^  or  76  per  cent;  on  the  disc.  The  coefficient  by  which  we  most 
multiply  the  means  of  the  violet  ray,  to  reduce  the^  to  those  of 
the  anilate  of  iron  ray,  is  therefore  VV.  The  following  table  gives 
the  comparison: 


No. 

Vipkt. 

Violet  reduced. 

Per  oeot. 

by  aailate  of  iron  ray.      1 

100 

a 

tT' 

Calenlated 

(MMerred. 

OiffiEarenee. 

0 

0 

1 

24.41 

32.66 

68. 

72. 

14. 

2 

26.79 

34.38 

61.76 

66.5 

3.75 

3 

23. 

30.66 

66. 

68.8 

ia.8 

4 

23.5 

84. 

61. 

65. 

4. 

.    6 

28.16 

37.63 

67. 

76.5 

9.6 

The  differences  in  the  last  column  of  this  table  are  so  large  that 
they  establish  the  fact  that  no  accuracy  can  be  attributed  to  the 
observations  made  with  the  solution  of  anilate  of  iron  employed  in 
these  experiments.  The  following  analyses,  obtained  from  the  cat* 
culaied  per  cents  of  the  preceding  table,  are  more  entitled  to  cre- 
dit, as  they  depend  upon  the  accordant  observations  of  the  violet 
ray: 


Molasses. 

No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

Cane  sugar 
Liquid  sugar    > 
Water    -    ■ 

Total    . 

46.21 
33.47 
20:32 

48.21 
29.75 
22.04 

40.50 
34.60 
24.90 

42.38 
27.11 
30.50 

62.46 
25.84 
21.70 

100.00 

100.00 

100.00 

100.00 

100.00 

18.  These  resuhs  seem  to  agree  with  certain  analyses  of  Biol 
and  Soubeiran.  In  good  sugar-house  molasses,  Biot  has  found  40 
per  cent,  of  crystallizable  cane  sugar;  while  Soubeiran,  from  many 
specimens,  gives  as  the  amount  of  cane  sugar  in  molasses  60  per 
cent*,  after  deducting  the  water.     If  we  compute  the  water  at  20 

{»er  cent.,  then  we  will  have  40  per  cent,  as  the  proportion f  and  thi^ 
sthe    result    of   M.    Biot.     Ventzke  has  found  as  much  as  60  per 
cent,  by  the  use  of  the  comparison  tube  of  anilate  of  iron. 

It  is  extremely  difficult  to  render  aqueous  solutions  of  molasms 
perfectly  colorless  by  the  use  of  bone  black;  there  is  a  yellow 
tint,  which  in  some  cases,  it  seems  almost  impossible  to  remove, 
amd  which,  when  viewed  through  a  tube  2S4  millimetres  in  lengthy 
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is  Bufficiejitly  deep  to  affect  very  materially  any  resultft  by  coxnpa* 
risoD  of  color.  The  bone  black  I  employed  was  of  very  superior 
quality.  Yet  several  of  my  solutions,  though  filtered  five  or  six 
times  through  thicknesses  of  two  or  three  feet  of  fresh  bone  black, 
obstinately  refused  to  part  with  the    yellow  tint  above  mentioned. 

The  specimens  of  molasseSi  which  I  have  called  Nos.  1,  2,  3,  4, 
and  5,  were  taken  by  the  officers  of  the  customs  for  the  port  of 
Philadelphia  from  cargoes  imported  into  that  city  from  the  West 
Indies,  in  June  or  July,  1843,  in  compliance  with  the  circular  of 
the  Secretary  of  the  Treasury  of  12th  May,  1843.  They  had  re- 
mained since  that  time  in  loosely  stopped  bottles,  which  stood  in 
a  dry  place.  That  water  had  evaporated  from  them  to  a  consider- 
able extent,  is  shown  hj  the  fact  that  their  specific  gravities  ex- 
ceed those  determined  in  July,  1843,  by  Messrs.  Booth  and  Boyi 
for  specimens  just  imported.  This  also  renders  my  results,  as 
given  in  the  last  table,  nearly  accordant  with  those  of  Biot  and 
Soubeiran.  What  bad  been  the  effects  of  atmospheric  fluctuations 
of  temperature  in  causing  fermentation  during  the  year  which  has 
elapsed  since  the  molasses  was  imported  it  i«  impossible  to  conjec- 
ture. When  No.  2  was  removed  to  a  room  heated  by  a  stov6,  and 
allowed  to  stand  on  a  shelf  for  several  days,  fermentation  com- 
menced, and  the  carbonic  acid  forced  the  cork  from  the  bottle. 
On  removing  it  to  a  colder  room,  this  fermentation  ceased.  In  it 
there  was  also  a  deposite  of  solid  sugar,  which  constituted  one- 
sixth  by  volume  of  the  whole.  In  taste,  it  was  slightly  acid.  Of 
No.  1,  the  taste  was  a  pure  sweet,  very  mild  and  rich;  it  contain- 
ed no  deposite;  it  is  the  same  as  No.  13  of  the  analyses  of  Messrs. 
Booth  and  Boj6.  No.  3  contained  no  deposite,  and  was  very  acid 
to  the  taste.  No.  4  likewise  contained  no  deposite,  and  was  very 
acid  in  taste.  In  No.  5  there  was  a  deposite  of  one-fifceenth  of 
the  whole  volume;  its  taste,  at  first  purely  sweet,  acquired  an 
acid  flavor  in  the  mouth. 

19.  I  shall  now  apply  to  the  qualitative  analysis  of  these  speci- 
mens of  molasses  the  formulae  and  process  of  inversion  by  acids  of 
M.  Biot.  To  this  end,  1  employ  the  solutions  of  article  16,  and 
hydrochloric  acid  of  the  specific  gravity  of  1.  18,  in  volumes  which 
I  calculate  from  their  weights  and  densities,  by  means  of  the  well 
known  formula  tDj=d  v.  Biot  measures  these  volumes  directly,  by 
means  of  the  tubes  of  M.  Gay  Lussac.  The  use  of  the  balance  is 
more  exact.     I  mixed  them  in  quantities  which  weighed,  in  grains; 


No.  2. 

No.  3. 

No.  4. 

No.  5. 

Deotity. 

Solotion     • 
Aoid 

219 
41.5 

281.9 
59.2 

218 
36.1 

299.3 
49.8 

1.1066 
M.18 

The  logarithmic  calculations  are  as  follows  :  Let  W  ^  D  V  be 
the  equation  of  volume  for  the  saccharine  solution,  and  w  ^=  d  v 
the  corresponding  equation  for  the  acid;  in  which  W  and  w  are  the 
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weights  of  the  table,  D  and  d  the  densities,  and  Y,  «  the  unknowa 
Tolumes  to  be  calculated. 

Then,  for  No.  2,  we  have 

log.  W  2  3404441  log.  w  1.6180481 

log.  D  0.0435980  log.  d  0.0718820 


log.  V 

.-.  v  = 

2  2968461  log.  v  = 
198.0825;          .-.»=» 
Y  +  v  =  233.2520. 

1.5461660 
36.1685; 

For  No.  3,  \fre  obtain 

log.  W 
log.  D 

2.4500951  log.  w 
0.0435980  log.  d 

2.4064971  log.  v 
254.9741;       .-.  »  = 
V  +  »  =  305.1436. 

1.7723217 
0.0718820 

log.V 

.-.  V  = 

1.7004397 
50.1695; 

And  for  No.  4, 

log.  W 
log.  D 

2.3384564  log.  w 
0.0435880  log.  d 

2.2948584  log.  v 
197.17804;      .  • .  t>  = 
V  +  «  =  227.77124. 

1.5575072 
00718820 

log.V 
.-.    V 

1.4856262 
30  5932. 

Lastly,  for  No.  5, 

we  hare 

log.  W 
log.  D 

2.4761067  log.  to 
0.0435980  log.  d 

1.6972293 
0.0718820 

log.  V  2.4325087  log.  v 

.-.   V=     270.71276;      .'.   v- 
¥+«==:  312.94575. 


1.6253473 
4:^.233; 


From  these  volumes  we  compute  the  ratio  of  dilutiotif  which  if 

V 

equal  to ,  and  is  the  coefficient  by  which  we  must   multiply 

V  +  » 

the  observed  angles  of  the  violet  ray  of  art.  16,  to  reduce  them  to 
the  proper  state  of  dilution.  I  give  the  calculations  by  means  of 
logarithms. 

For  No.  8,   • 

log.  y     2.2968461  log.  (violet)   1.4114792 
.  (log.  V  + »)  2.3678254  T9290207 


1.9290207  log.  a'  1.3405000 

log.     0.8492.   .  • .  a'  =    21"».9028. 
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For  No.  3, 

log.  V  2.4064971  log.  (Tiolet) 

log.  (V+v)  2.4845042 
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=  log. 

For  No.  4, 
log.V 


1.9219929  log.  a' 
0.8365871.  .  • .  o'  = 


1.3617278 
T9219929 

1.2837207 
19».2185. 


2.2948584  log.  (vioht)   1.3891661 


log.  (V  +  v)  2.3574984  1.9373600 

■    ■    ■  ■       I. 

T9373600  log.  a'  1.3265261 

=:log.  0.86569.      .-.a' =3         21^2093. 

For  No.  5, 

log.  V  2.4325087  log/(violet)       1.4494784 

log.  (V  +  v)  2.4954865  T9370232 

T9370232  log.  a'  1.3865016 

=  log.  0.865014.    .  • .  a'  =         24^.35. 

20.  Having  obtained  the  values  of  a',  the  angle  of  deviation  re- 
duced to  the  same  state  of  dilution  as  the  acidulated  mixture,  and 
as  it  would  hava  been  observed  by  adding  water  alone,  we  next 
proceed  to  determine  a"  the  angle  of  deviation  of  the  violet  ray 
for  the  acid  solutions.  This  is  done  by  direct  observation.  Oa 
aecount  of  the  color  developed  by  the  action  of  the  acid  upon  the 
Bsccharine  solution,  I  was  compelled  to  use  the  method  of  minimum 
intensity  and  mean  observations  of  angles  of  disappearance  and  re- 
appearance of  the  image,  except  for  No.  2,  to  which  the  acid  had 
given  only  a  slight  yellowish  tinge,  which  did  not  enfeeble  the  light 
sufficiently  to  obscure  the  violet  ray. 

The  readings  for  No.  2  were  12^  to  the  left,  and  then  again  15!^.25, 
of  which  12^,  125=3 a"  is  the  mean. 
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No.  and 
color  af- 
ter iaver 

MOD. 


J& 


I 


No.  3.    Orange. 


s 


r 


8 
+ 


No.  4.     Orange. 


o 


PS 


+ 

g 


No.  5.    Orange. 


8 


+ 


7. 
2.5 
4.25 
5.6 


-16, 
13.76 
15.5 
14.6 
15.5 


20. 
20.76 

18.75 
21. 


-3.5 
6. 
7. 
6.6 
6.6 


-17. 
19. 
16.5 
16.5 
15.6 


i^.6 

25. 

22.6 

23. 

22. 


-6.5 
6.6 
6.25 
8.6 
7.5 


—12.5 
12.5 
12.26 
16.6 
16. 


18. 

19. 

18.6 

24. 

23.6 


Mean,  — 9°.86. 


Mean,  — 11^3. 


Mean,  •^lO^'.d. 


21.  To  obtain  r"  the  ratio  of  inversionj  we  divide  a"  by  a'  for  the 
four  mixtvres;  this  calculation  is  as  follows  : 

For  No.  2,  For  No.  3, 

log,  a'  1.0836817  log.  a"        0.9934362 

log.   a'  1.3405000  log.   a'  1.12837207 

log.  r"  T 7431817  log.  r '       T. 7097155 

.'■.  r"=  0.5536.        .'.  r"  =     0.5125. 

For  No.  4,  For  No.  5, 

log.  a"  1.0530784  loj.  a"        1.0128372 

log.  a'  1.3265261  log.   a'         1.3865016 

log.  r"  T. 7265523  log.  r"       T6263366 

.•.r"=  ©.5128.        .-.  r"=    0.423. 


22.  Now,  by  equation  (5)  of  art.  11,  it  appears  that 

S. 


1+r" 

S  = a  J  and  D  =  a' 

1+r' 


That  in  these  formulas  each  quantity  might  be  obtained  from  my 
own  observations,  independently  of  those  of  others,  I  determined^ 
by  experiment  upon  a  solution  of  pure  cane  sugar  directly  and  by 
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inversion,  for  r',  the  value  0.376,  a  result  which  differs  from  that 
of  M.  Biot,  0.38,  only  by  0.004,  but  by  which  quantity  nearly  my 
experiments  were  probably  in  error;  for,  as  they  were  instituted 
only  to  confirm  or  disprove  the  coefficient  of  M.  Biot,  they  were 
performed  hastily,  and  without  that  extreme  care  which  should 
always  be  bestowed  on  the  determination  of  the  cbnstants  of  physi- 
cal phenomena.  Sufficient  time,  also,  was  not  allowed  to  permit 
the  inverted  deviation  to  obtain  its  maximum.  I  shall  therefore 
adopt  the  value  0.38  as  the  most  probable  coefficient. 

The  calculations  for  S  and  D,  are  : 

For  No.  2,  For  No.  3, 

log.  1  +  r"  0.1918392  log.  1  +  r"  0.1796964 

log.  a'  1 .  3405000  log.  a'  1 . 2837207 

arith.  co.  log.  1  +  r'    9.8601209  log.  1  +  r'  arith.  co.  9.8601209 

1.3919601  1.3235370 

.-.  S  =  24.°6581;   .".  S  =  21*. 064; 

•'  —  S  —  D  « —        2*^.7553.    D  =  —  1^.8455. 

For  No.  4,  For  No.  5, 

log.  1  +  r"  0.1797815  log.  1  +  r"  0.1532049 

log.  a'  1.8265261  log.  a'  1.3865016 

log.  1  +  r'  arith.  co.       9.8601209  log.  1  +V  9.8601209 

1.3664285  1.3998274 

.-.  S  =  23.°25025   .'.  S  =  25^.109; 

D  =  —  2°.0409.      D  =  —  0.759, 

.Hence  the  angles  of  deviation  a'  are  caused  by  a  quantity  of  cane 

sugar,  which,  for  the  state  of  dilution ^  and  the  normal  length 

234  millim.,  produces  a  rotation  equal  to  S,  together  with  other 
active  substances  having  a  combined  rotation  of  D  to  the  left^  but 
which  may  and  probably  does  consist  of  a  mixture  of  different  un- 
invertible  sugars,  polarizing  in  opposite  directions. 

General  practical  remarks. 

28.  Although  both  Biot  and  Soubeiran  have  given  40  per  cent. 
as  the  proportion  of  cane  sugar  in  sugar-bouse  molasses,  while 
Venlzke  estimated  it  at  60  per  cent.,  it  should  be  borne  in  mind 
that  West  India  molasses  is  a  very  different  article  from  the  mo- 
lasses of  sugar  refiners.  The  first  results  from  an  imperfect  extrac- 
tion of  brown  sugar,  performed  upon  the  plantations  usually  in 
freat  hf>ste.  It  is  the  mother  liquor  of  the  first  crystallization. 
'he  second  has  undergone  two  successive  evaporations  and  crys- 
tallizations: the  first  to  obtain  the  loaf  and  lump  sugar;  and  the 
second,  for  the  bastard.  It  should  therefore  contain  less  of  cane 
sugar. 
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If  we  compare  West  India  molasses  with  the  drippings  from  the 
loaves  of  refined  sugar,  the  analyses  will  appear  in  deficiency,  in- 
stead  of  being  in  excess;  for  M.  Biot  found  a  speeimen  of  such  drip* 
pings  to  contain  70  per  cent,  of  cane  sugar.  It  may  also  be  af- 
firmed, for  reasons  which  I  will  presently  state,  that,  Unless  the 
solubility  of  cane  sugar  is  greatly  impaired  by  the  presence  of 
foreign  substances,  good  molasses  must  contain  at  least  60  per  cent, 
when  first  manufactured.  Though  Ventzke  gives  60  per  cent,  for 
the  proportion  of  cane  sugar  in  sugar-house  molasses,  I  am  strongly 
persuaded  that  any  analyses  made  by  his  method,  whether  the 
angles  of  deviation  be  exactly  determined  or  not,  possess  no  title 
to  credit;  for  I  concur  with  Hochstetter*  in  believing  that  Yentzke's 
experiment,  from  which  he  inferred  that  liquid  cane  sugar  or  mo* 
lasses  sugar,  possesses  no  rotary  power,  serves  only  to  show  that 
prolonged  boiling  may  produce  a  neutral  mixture  of  materials  ro* 
tating  equally  in  opposite  directions.  And  even  should  fresh  sugar- 
liouse  molasses  be  converted,  by  boiling,  into  molecularly4nactive 
liquid  sugar,  the  negative  values  I  have  obtained  for  D,  show  that 
West  India  molasses  contains  left  polarizing  liquid  sugar,  which 
must  affect  determinations  by  Ventzke's  method  by  neutralizing  the 
action  of  a  portion  of  the  cane  sugar,  and  rendering  the  per  cent, 
obtained  deficient  to  an  amount  corresponding  to  a  deviation  equal 
to  D  to  the  right.  Nor  do  I  know  any  method  of  determining  the 
relative  quantities  of  cane  sugar,  and  left  polarizing  sugar,  except 
that  of  inversion  by  acids.  That  left  polarizing  sugar  exists  in 
West  India  molasses,  follows  from  the  fact  that  fermentation  takes 
place;  which,  as  already  stated,  occurred  in  No.  2,  when  removed 
to  a  warmer  room,  and  forced  the  cork  out  of  the  bottle  by  the 
carbonic  acid  evolved. 

24.  The  report  of  Messrs.  Booth  and  Boy6  to  the  collector  of 
the  port  of  Philadelphia  (hereto  annexed,  and  marked  A)  sets  forth 
a  remarkable  and  important  fact,  which,  if  the  value  of  molasses 
depends  upon  the  quantity  of  cane  sugar  it  contains,  rendeis  the 
mode  of  levying  duty  by  weight,  as  established  by  the  present 
tariff,  entirely  in  error.  The  fact  to  which  I  allude  is,  that  molas- 
ses contains  more  crystallizable  cane  sugar,  and  less  of  mucila- 
ginous or  liquid  sugar,  in  proportion  as  a  given  bulk  of  it  weighs 
less;  and  this  fact  is  confirmed  by  my  own  analyses. 

25.  However  different  the  quantities  of  crystallizable  or  cane 
sugar  given  by  Messrs.  Booth  and  Boy6  and  by  myself  may  at  first 
appear,  they  are  still  in  strict  accordance;  for  while  the  numbers 
of  my  table  express  the  absolute  or  entire  quantity  of  cane  sugar 
in  100  parts  by  weight  of  molasses,  the  fourth  horizontal  column  of 
the  table  of  Messrs.  Booth  and  Boy6  gives  only  that  proportion  of 
the  whole  amount  of  cane  sugar  which  crystallizes  out  of  a  satu- 
rated mother  liquor,  still  retaining  probably  66  per  cent,  of  its  own 
weight  of  cane  sugar  in  solution.  The  Matanzas  syrup  (No.  16) 
was  used  as  a  standard  of  comparison,  and  the  43.65  per  cent,  of 
cane  sugar  of  the  fourth  horizontal  column  is  the  relative  quantity 

*Soe  Joanal  fftr  Praktische  Ch«iiite,  vol.  27;  aUo,  Frasklin  Institute  Jonmsl,  1843. 
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which  will  crystallize  out  of  it  a«  a  mother  liquor.  From  which: 
result  Messrs.  Booth  and  Boy6  calculate  the  other  numbers  of  that 
column,  by  proportion,  from  the  absolute  quantities  obtained,  which 
are  not  given  in  the  table  of  their  report.  Now,  a  saturated  solu- 
tion at  212**  Fahrenheit  will  contain  about  80  per  cent,  of  cane 
sugar;  and  of  this  80  per  cent.  50  will  crystallize.  A  very  simple 
proportion  gives,  therefore,  64  per  cent,  as  the  absolute  amount 
corresponding  to  a  yield  of  40,  by  direct  crystallization. 

26.  A  series  of  exact  chemical  researches,  having  for  their  object 
the  determination  of  the  substances,  whether  vegetable  or  mineral, 
composing  the  cane,  and  with  a  view  to  furnish  methods  of  pre- 
venting their  injurious  effects,  could  not  fail  to  be  of  great  value. • 
On  this  subject  much  remains  to  be  done;  and  to  the  planters  of 
the  United  States,  who  have  to  contend  with  all  the  disadvantages 
of  a  more  northern  climate,  against  the  competition  of  their  more 
favored  island  neighbors,  would  such  knowledge  be  particularly 
valuable.  In  illustration,  I  aiq  told  that  there  is  often  contained 
in  Louisiana  cane  juice  a  large  quantity  of  a  substance  like  jelly. 
It  prevents  the  proper  defecation  by  lime,  and  will  even  clog  the 
channel  which  conducts  the  juice  from  the  mill,  if  lumps  of  chalk 
or  lime  be  placed  therein;  it  also  precludes  the  use  of  bone  black.^ 
Now,  it  does  not  appear  to  be  either  albumen  or  pectine;  yet  it  in- 
terferes greatly  with  the  manufacture  of  sugar,  and  therefore  to  un- 
derstand its  nature  is  of  great  importance. 

By  the  researches  of  M.  Hervy  it  appears  to  be  established  that 
cane  sugar  is  a  primary  secretion  of  the  plant,  and  that  it  does  not 
mature,  like  the  sugar  of  fruit,  from  pulpy  matter,  but  is  contained" 
alike  in  the  old  and  new  knots — in  both  of  which  the  same  simple 
structure  appears — ^microscopic  observation  showing  no  difference 
for  the  different  stages  of  veget'ation,  the  same  tubes,  bundles  of 
fibres,  &c.,  appearing  in  all.  In  fruits,  however,  M.  Fr6my  has* 
shown  that  the  cellules  change  from  day  to  day.  As  they  approach: 
maturity,  their  thick  walls,  which  at  first  are  almost  opaque,  grow 
transparent,  swell  up  and  burst,  discharging  their  acid  contents. 
The  action  of  this  acid  upon  the  ligneous  matter  may  convert  it 
into  sugar,  as  starch  and  woody  fibre  are  changed  into  a  species  of 
sugar  by  dilute  sulphuric  acid.  Hence  the  reason  that  grape  sugar 
may  be  produced  artificially,  while  cane  sugar  appears  beyond  our 
power  of  manufacture.  Now,  it  follows  from  this  fact,  and  the  di- 
rect experiments  of  M.  Hervy,  that  crystallizable  cane  sugar  is  the 
only  saccharine  matter  in  the  cane,*  and  that  all  the  molasses  sugar, 
grape  sugar,  &c.,  contained  in  molasses,  are  results  of  decomposi- 
tion of  cane  sugar  by  imperfect  management.  Certainly,  then,  too 
mach  importance  cannot  be  attached  by  the  planter  to  a  knowledge 
of  the  causes,  and  their  remedies,  which  produce  this  decomposi- 
tion. When  beets  grow  in  land  too  highly  manured,  or  containing* 
soluble  salts,  their  juice  is  very  difficult  to  crystallize,  and  yields 

*  8eo  Journal  ds  Phanaaetei  t.  asxfii.;  Janv.j  1841. 
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a  large  quantity  of  molasses.  So  canes,  grown  upon  soils  where 
timber  has  been  recently  burned,  take  up  the  soluble  salts  by  their 
rootSi  which  must  act  very  injuriously.  Common  salt  will  form  a 
compound  with  six  times  its  weight  of  sugar,  which  refuses  to  crys- 
tallize,, and  remains  in  the  mother  liquor;  so  likewise  alkaline  car- 
bonates, and  other  salts,  operate  to  increase  the  quantity  of  mo- 
lasses, and  injure  the  quality  of  the  sugar. 

27.  The  assertion  I  have  made,  that  a  solution  containing  80  per 
cent,  at  212^  Fahrenheit  will  permit  50  only  to  crystallize,  is  based 
upon  the  following  facts  and  experiments.  In  nearly  all  the  ele- 
mentary works  on  chemistry,  it  is  erroneously  stated  that  sugar 
^^  dissolves  in  hot  water  to  any  extent."  The  error  seems  to  be 
copied  from  book  to  book,  without  even  a  change  of  languapre.  At 
my  request  Mr.  Hewston,  an  assistant  in  the  laboratory  of  Messrs. 
Booth  and  Boy6,  performed  the  following  experiment:  120  grains 
of  pure  cane  sugar  were  treated  at  212°  Fahrenheit,  with  20  grains 
of  water,  for  one  hour,  and  left  36.4  grains  undissolved.  It  is  true, 
therefore,  as  M.  Dubrunfaut  has  stated,  that  water  at  212°  will  not 
take  up  more  than  five  times  its  own  weight  of  crystallizable  sugar, 
of  which  it  parts  with  three  by  crystallization  on  cooling.  This 
fact  is  confirmed  by  M.  Hervy,  and  also  by  Biot's  determination  of 
the  cane  sugar  in  the  drippings  from  the  moulds  for  loaves,  70  per 
cent.,  as  well  as  by  my  own  experiments.  Hence  a  saturated  solu- 
tion at  212°  contains,  say  16.6  of  water,  and  83.4  of  pure  sugar;  on 
cooling  it  parts  with  60  per  cent.  The  mother  liquor  contains  16.6 
of  water,  and  33.3  of  sugar,  or  100  parts  consists  of  66|  per  cent, 
of  cane  sugar,  and  33^  of  water. 

SB.  It  is  not  true,  as  is  generally  supposed,  that  the  quantity  of 
refined  sugar  obtained  by  the  vacuum  pan  is  much  larger  than  that 
of  an  open  boiler.  It  is  true  that  a  sugar  of  far  superior  quality 
and  great  beauty  is  produced  by  the  vacuum  pan,  but  in  quantity 
it  does  not  differ  much  from  the  yield  of  the  old  method.  From  facts 
furnished  to  me  by  some  of  the  most  experienced  and  intelligent 
of  the  refiners  of  our  country,  I  find  that  26,000,000  of  pounds  of 
raw  sugar,  refined  by  the  vacuum  process,  and  without  clayin$|f, 
gave  the  mean  product  of  65.38  per  cent,  of  loaf  sugar;  1,000,000, 
refined  by  the  old  method,  yielded  63)57  per  cent.,  of  which  about 
40  only  were  loaf  sugar,  and  13.57  lump,  or  of  inferior  quality. 
By  the  use  of  the  vacuum  pan,  a  very  rarified  atmosphere  of  steam 
is  substituted  in  place  of  the  air,  which  doubtless  prevents  to  a 
very  great  extent,  if  not  entirely,  the  formation  of  formic  acid, 
which  exerts  a  most  pernicious  influence  upon  the  color  and  crys- 
tallization of  sugar,  and  which  Hochstetter  has  shown  to  be  the 
product  of  the  action  of  the  oxygen  of  the  atmosphere  upon  the 
heated  sirup.  Formic  acid  is  also  doubtless  produced  in  large 
quantity  during  the  operation  of  claying;  for  the  drops  whioh  tric- 
kle through  expose  a  very  large  surface  to  the  action  of  the  air. 
By  allowing  them  to  fall  into  a  vacuum,  or  into  steam,  a  better 
bastard  sugar  might   probably  be   manufactured.     In   steam,  the 
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oxjgen  it  united  with  the.  hydrogen  by  a  very  powerful  chemical 
affinity,  while  the  atmospheric  air  seems  to  be  a  mere  mechanical 
mixtare  of  oxjgen  and  nitrogen,  so  feeble  is  the  chemical  force,  if 
there  be  any,  between  them.  Hence,  many  substances  are  far  more 
readily  oxidized  at  the  expense  of  atmospheric  air  than  of  steam, 
and  especially  those  of  organic  origin;  and  the  one  supports  com- 
bustion, while  the  other  extinguishes  it. 

29.  It  has  been  thought  *that  extensive  fraads  are  practised  upon 
the  revenue,  by  introducing   sirup  of  cane,  battery  sirup,  or  satu- 
rated solutions  of  sugar,  colored  by  the  addition  of  a  little  caramel, 
and  flavored  with  a  portion  of  genuine  molasses;   that  this  fradu- 
lent  article  is  purchased   by  the  sugar  refiners,  who  subsequently 
export  the  sugar  they  obtain  from  it  with  allowance  of  drawback; 
that  thus  the  government  is  robbed  annually  of  thousands  of  dol- 
lars;  and   the  sugar  trade  of  our  southern  States  deprived  of  that 
protection  which  the  tariff  is  calculated  to  afford.     To  what  extent 
frauds  of  such  a  nature  may  have  been  perpetrated,  I  am  unable  to 
say;  and  upon  this  point  I  have  little  information  besides  that  con* 
tained  in  the  reports  made  by  the  collectors  of  the  principal  ports, 
ia  reply  to  the  circular  of  the  Secretary  of  the  Treasury  of  May  12, 
1843.     I  therefore  beg  leave  to  refer  to  those  reports,  and  to  other 
papers  now  on  file  in  the  Treasury  Department,  but  which  are  all 
embodied  in  a  communications  made  to  the  Senate  at  the  close  of 
the  last   session.     (See   Sen.  Doc.  No.  12,  2d  session  28th   Cong.) 
From  the  knowledge  I  possess  of  the  nature  of  the  article  usually 
sold   as  West  India  molasses,  and  from  the  high  quality  of  the 
standard  adopted  by  the  government  as  refined  sugar  entitled   to 
drawback,  I  do  not  hesitate  to  say  that  such  sugar  cannot,  in  the 
present  state  of  ^the  art  of  sugar  refining,  possibly  be  made   from 
molasses,  or  sirup  adulterated  with  molasses.     Those  refiners  who 
extract  sugar  from  molasses  manufacture  only  a  brown  sugar,  which 
contains  so  much  uncrystallizable  or  mucilaginous  sugar  as  to  ren- 
der it  wholly  unfit  for  refining.    That  from  molasses,  which  usually 
contains  nearly   60  per   cent,   of   crystallizable  sugar,  and  from 
which    40   per   cent,    may  be    actually  crystallized,  leaving  still 
20  per  cent,  in  the  mother  liquor,  a  refiner  tnay  and  does  extract 
say  35  per  cent.,  realizing  a  sufficient  profit,  is  certainly  not  sur- 
prising.    And  these  are  facts  which  are  established  by  the  analyses 
of  Messrs.  Booth  and  Boy^  and  myself;   apd  by  the  information 
contained  in  the  report  to  the  Secretary  of  the  Treasury,   of  the 
collector  of  Philadelphia,  made  10th  August,  1843. 

Whether  this  branch  of  industry,  which  is  pursued  only  by  a  few 
Individuals,  and  to  an  extent  at  present  which  is  trifling  in  its 
influence  upon  the  sugar  trade,  shall  be  checked  before  it  attains 
sufficient  growth  to  interfere  considerably  in  the  home  market 
with  the  brown  sugars  of  Louisiana,  is  a  question  which  I  should 
leave  with  those  upon  whom  the  constitution  confers  the  authority 
and  devolves  the  duty  to  determine;  with  the  remark,  however, 
that,  so  long  as  planters  furnish  to  the  market  molasses  which,  ^ 
like  the  specimens  Nos.  3  and  4  of  my  analysis,  contains  sixty  per 
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cent,  of  cane  sugar,  and  but  a  very  small  relative  proportion  of 
foreign  matter,  it  will  be  found  profitable  to  extract  36  per  cent., 
unless  a  high  relative  duty  is  levied  upon  molasses.  And  whether 
it  may  be  well  to  increase  the  tariff  upon  molasses,  or  whether  the 
Louisiana  planter,  who,  in  competition  with  the  West  India  trade, 
has  to  contend  with  the  disadvantages  created  by  his  northern  cli- 
mate, should  not  receive  further  protection,  is  a  question  whick 
belongs  to  the  legislative  department  of  the  government.  As  a 
chemist,  I,  however,  do  not  hesitate  to  say  that  sirup  may  be  so 
disguised  as  to  render  it  extremely  difficult,  if  not  impossible,  for 
even  experienced  sugar  refiners  to  decide  whether  it  be  molasses 
or  not.  And  I  feel  confident  that  I  could  readily  compose  a  mix- 
ture which  would  deceive  both  the  officers  of  the  customs  and  re- 
finers by  their  usual  tests  of  sight,  taste  and  touch,  and  without 
rendering  it  difficult  to  obtain  from  it  a  sugar  which  would  be  of 
very  good  quality,  but  which  might  not  yield  an  article  that  would 
be  allowed  at  the  custom-houses  to  receive  the  benefit  of  drawback. 
Cane  sugar  may  be  mechanically  mixed  with  molasses,  and  frau- 
dulently imported  as  a  deposite  in  the  cask;  it  would  ^then  increase 
the  weight,  and  could  be  readily  detected  by  a  revenue  officer. 
Sut  it  does  not  follow  that  molasses,  containing  even  a  very  con- 
siderable deposite,  is  mixed  with  sugar;  for  this  deposite  may,  and 
often  probably  does,  consist  of  organic  matter,  less  soluble  than 
sugar. 

30.  In  conclusion,  I  would  state  that,  by  the  methods  I  have  de- 
scribed, sugars,  sirups,  molasses)  and  other  saccharine  substances^ 
may  be  accurately  analyzed  and  distinguished  from  each  other.* 
There  is  not,  to  my  knowledge,  in  organic  chemistry  a  test  so  deli- 
cate and  decided  as  the  copper  test  of  Trommer,  wjth  the  exception 
of  that  of  iodine  for  starch;  and  combined  chemical  and  optical 
analyses  seem  to  possess  all  requisite  accuracy  for  practical  pur- 
poses. Already  has  this  beautiful  discovery  of  £iot  found  its  way 
into  refineries;  and  the  house  of  MM.  Say  &  Dum^ril,  of  Paris,  have 
employed  it  with  accuracy  and  profit.  The  highly  intelligent  and 
enterprising  proprietors  of  the  firm  of  J.  S.  Levering  &  Co.,  of 
Philadelphia,  have  also  availed  themselves  of  this  process;  and  ia 
their  establishment  may  be  seen  practically  illustrated,  on  a  large 
scale,  the  advantages  to  be  attained  by  the  union  of  science  and 
art.  To  put  the  question  entirely  at  rest,  however,  of  what  consti- 
tutes molasses,  and  what  syrup,  and  how  one  may  always  be  dis- 
tinguished from  the  other,  as  well  as  to  establish  the  facts  by  aa 
increased  number  of  examples,  which  the  analyses  of  a  few  speci- 
mens only,  as  given  by  Messrs.  Booth  and  Bo}'6  and  myself,  tend  to 
show,  I  deem  it  expedient  that  further  researches  should  be  made 
upon  this  subject.  Analyses  of  cane  juice,  in  its  different  stages  of 
progress,  sirup  of  cane,  battery  sirup,  &c.,  should  also  be  made^ 
which  can  only  be  properly  done  before  it  has  suffered  change  by 
fermentation  or  otherwise  in  its  removal  from  the  place  of  manu- 
facture; which  analyses  may  serve  incidentally  to  show  whether 
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the  above  mentioned  disadrantages  of  climate,  which  affect  the 
planters  of  our  country,  may  not,  at  lea$t  in  part,  be  alleviated  by 
iDcreased  knowledge  of  the  composition  and  properties  of  the  ma- 
terial upon  which  they -operate,  and  consequent  improved  processes 
of  manufacture^  and  thus  the  governiftent  may  be  ()ut  in  possession 
.  of  all  the  facts  nacessary  to  enlighten  and  illustrate  its  policy  with 
reference  to  this  subject;  friuds,  by  being  rendered  of  ready  detec-  . 
tioD,  will  be  prevented,  and  their  attempts  finally  abandoned;  and 
knowledge  will  be  obtained  which  cannot  fail  to  be  of  general  in- 
terest a^  great  importance  to  all  concerned  in  the  manufacture  of 
sugar,  whether  as  planters  or  refiners;  These  analyses  may  be  made  ^ 
at  but  little  cost,  and,  through  the  instrumentality  of  the  officers  of 
the  customs  and  cooperation  of  the  Treasury  Department,  the  seve- 
ral varieties  of  molasses  imported  may  be  procured,  accompanied 
with  information  respecting  their  places  of  manufacture,  and  the 
times  and  pirts  at  which  they  were  shipped. 

On  the  drawback  to   he  allowed  on  foreign  sugars  refined  in  the 

•    United  States. 

31.    I  have  felt  much  perplexed  to  devise  the  proper  means  of 
furnishing  the  evidence  called  for  by  the  second  clause  of  the  reso- 
lution of  the  House  of  Representatives  of  July  21st,  1842.     Not 
that  it  is  difficult  to  decide  what  amount  of  drawback  should  be 
paid,  or  to  obtain  accurate  information  upon  which  to  base  suitable 
action;  but  experiments  on  a  small  scale  will  not  answer  the  ques- 
'tion,  what  is  the  practical  economical   result  of  large  bperations, 
although  they  may,  and  they   do,  confirm  the  testimony  of  thoSe 
.engaged  in  refining  sugar.     Such  researches  as  those  I  have  men- 
tioned on  the  solubility  and   crystallization  of  sugar,  ha,ve,  apart 
^  from  their  immediate  value,  that  also  of  enabling  us  to  sit  in  judg- 
ment upon  testimony  offered  by  persons  professing  an  acquaintance 
with  this  branch  of  industry,  and  whose  professions  may  be,  and 
sometimes  are,  rather  the  fruit  of  boasWul  ignorance  than  of  aceu-  , 
rate  knowledge.     I  have  been  struck  with,  the  discordance  of  state- 
ments which  have  been  made  by  individuals,  whose  characters  are 
beyond  impeachment,  and  who  doubtless  all  believed  what  they  re- 
presented.    But  many  of  them  testify  from   hearsay;    hence  it  is 
natural   that  the  government   should  have  been  greatly  at. a  loss 
what  \.6  believe,  or  what,  decisions  to  consider  just. 

The  present  refiners  themselves,  who  only  can  testify  from  know- 
ledge, have  been  regarded  as  interested  witn€;sses;  and  old  refiners 
who  have  retired  from  the  business,  ^hen  they  thake  statements 
with  regard  to  recent  improvements,  usually  speak  from  conjecture, 
and  often  imagine  the  results  to  b^  far  beyond  the  actual  facts.  If 
we  would  resort  to  books  for  information  we  are  equally  liable  to 
be  misled;  fo^  those  books,  are  generally  the  productions  of  foreign  / 
authors,  who  speak  for  their  own  countries;  and  it  is  a  fact  highly  ^ 
creditable  to  our  countrymen  .that  American  refined  sugar,  of  supe* 
rior  quality,  surpasses  in  e;iLcellence  and  beauty  any  that  is  made  in 
£urope;  and  that  it  therefore  commands  a  ^higher  price  in  foreign 
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markets.  But  refining  may  be  considered  a  separation  of  the  in^ 
purities  from  raw  sugar;  and,  if  we  would  obtain  a  better  article^ 
we  cannot  Jhe^'efore  produce  so  much  of  it. 

I  have  come  to  the  conclusion,  that  whatever  may  be  the  con- 
firmatory experiments  we  may  try  on  a  smalt  scale,  the  desired  in- 
formation can  only  be  satisfactorily  reached  by  recoufse  to  the 
prhicipal  establishments  themselves.  But  it  wouM  neither  be  pro- 
per to  demand  nor  fit  that  the  refiners  should  expose  to  the  public 
private  affairs  upon  which  their  success  as  individuals  may  often: 
depend.  Opr  government  very  properly  protects  the  private  in- 
teYests  of  her  citizens  in  the  fruits  of  their  mental  labor  bji  patent 
rights;  but  there  are  advantages  that  some  manufacturers  possess 
over  their  (competitors,  which  can  only  be  properly  secured  bjr 
keeping  them  secret;  and  it  is  certainly  no  want  of  liberality  that 
persons  should  reap  the  fruits  of  their  own  expei^ience,  often  bought 
at  the  expense  of  heavy  losses  of  capital.  I  make  these  remarks^ 
because  the  refiners  have  been  blamed  for  their  secrec]^  but  those 
who  have  visited  manufacturing  establishments  are  aware  tnat  sugar 
refiners  are  not  singulaif  in  keeping  their  secrets.  I  have  not  found 
them  more  so  than  others,  and  a  proper  personal  introduction  has 
never  failed  to  open  even  the  most  hidden  mysteries  to  me,  yet  in 
confidence  that  I  would  not  divulge  private  matters,  to  the  disad- 
vantage of  those  whb  extended  to  me  facilities  of  accurate  informar 
tion.  It  w  from  knowledge  thus  obtained  from  refiners  of  high 
standing  and  intelligence,  aj  well  a^  from  my  own  personal  obser-^ 
vations  of  their  processes,  that  I  give  the  following  as  the  probable 
average  yield  of  refining  in  the  United  States.  Thirty  per  cent,  of 
white  sugar  and  seventy  per  cent,  of  bl-own  (the  average  mixture) 
yield-r- 

By  the  vacuum  process  :  By  the  old  process  : 

Refined.. 66.4     Loaf ^. 40. 

Bastard 22.9    Lump...; •.• 13. & 

Molasses 17.4     Bastard.... 19.6 

Dirt  and  waste. 4.3    Molasses 24.6 

Dirt  and'waste 2.3- 


100.0  100.0 


These  are  the  mean  results,  not  of  a  particular  variety  of  raw 
sugar,  nor  for  a  single  year,  but  of  millions,pf  pounds,  and  of  re- 
fining with  great  intelligence  and  skill.  I  calculate  frbm  them  the 
drawbac]f:  to  be  allowed  as  follows: 

Duty  Oft  30  pounds  white,  at  4  cents ^1.20.0p^ 

Duty  on  70  pounds  brown,  at  2J  cents 1.75.00 

3.95.00 
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For  the,yatcuum  process: 
Duly  to  be  retained  on  22.^  pounds 

bastard,  or  brown,  at  2^  cents .;••... $0.57.25 

17.4  pbunds  molasses^^  at  4^  mills 0.07.82 

$0.65.07 

2.29.93 
Drawback  4.15  cents  per  pound  on  55.4  refined  ...•..•  1  •  •     2.29.91 

Difference  in  favor  of  the  tevenue 0.00.02 

For  the  old  process:  « 

Amount  of  duty,  as  above •     $2.95.00 

19.6  pounds,  at  2^  centif $0.49.00 

24  5  pounds,  at  4|  mills 0.11.02 

60.02 

2.34.98f 
Drawback  4.4  cents  on  53.6  pounds ,«•'••  .  • 2.35.84 

Difference  in  favor  of  the  refiner  •  • •  • 0.00.86 

Th^  mean,  4.27  cent;,  or  4|  nearly,  would  therefore  be  the  fair 
average  drawbfick  to  be  paid  on  refined  sugar,  under  the  present 
tariff. 

^Preliminary  to  the  inquiry,  whair  is  the  amount  of  drawback  to 
be  allowed  on  refined  sugar,  is  the  question:  what  is  ^^refined  sugar^^ 
ilsein  The  present  tariff  act,  section.l4,  enacts,  that  *'thefe  shall 
be  ^llowed  a  drawback  on  foreign  sugar  refined  in  the  United 
States,  and  exported  therefrom,  equal  in  amount  to  the  duty  paid  . 
on  the  foreign  sugar  from  which  it  shall  be  manufactured,  to  be  as* 
certained  by  such  regulations  as  shall  be  prescribed  by  the  Secre- 
tary of  the  Treasury,  and  no  more."  Now,  the  question,  v)hat  is 
refined  sugar  under  the  meaning  of  the  laws  of  the  United  States? 
is  fortunately  hot  open  to  difference  of  opinion,  although  various 
countries  have  adopted  different  definitions,  in  conformity  with 
their  respective  policies:  In  Great  Britain,  for  instance,  refined 
sugar  is  considered  to  be  the  whole  product  including  even  the 
darkest  bastard;  and  this  explains  the  fact,  that  the  refiners  of  that 
country  are  required  to  export  67  per  cent,  when  refining  in  bond« 
But  by  the  decision  of  the  Supreme  Court  in  the  case  of  Barlow 
w.  the  United  States,  7  Peters,  410,  it  is  established,  that  "if,  in  ^ 
a  loose  signification  among  refiners,  sugars  should  sometimes  be 
spoken  of  as  being  refined,  without  having  undergone  the  further 
process  of  claying,  or  if  the  whole  mass  resulting  from  that  process 
should  sometimes  indiscriminately  acquire  among  them  that  appel- 
lation in  a  like  loose  signification,  still  if  among  buyers  and  sellers 
feilerally,  in  the  course  of  trade  and  business,  the  appellation  're- 
ned  sugars'  is  exclusively  limited  to  the  products  called  lump  and 
loaf  sugar,  and  never  includes  bastard  sugar,  the  acts  of  Congress 
ought  to  be  construed  in  this  restrictive  sense.  This  was  the  doc- 
trine of  this  court  in  the  case  of  two  hundred  chests  of  tea,  Smith^ 
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claimant,  9  Wheaton's  Reports,  438,  439;  and  there  is  not  the 
sligbtest  inclination  on  the  part  of  this  court  to  retract  it.  ^  Noyr, 
"without  minutely'  sifting  the  evidence  in  this  case  we  thitik  that 
there  is  a  decisive  and  unequivocal  preponderance  of  evidence  to 
establish  that  bastard  sugar  is  not  deemed  in  a  commercia-1  sense 
'reiined  sugar.'  The  appellation  is  exclusively  limited-  to  such  as 
have  assumed  at  some  tim^  the  form  of  white  refined  loaf  or  lump 
sugar.  This  is  established,  not  merely  by  the  testimony  of  mer- 
chants and  grocers,  and  persons  in  tl^e  custom-houses,  but  by  the 
testimony  of  sugar  refiners. I' 

Hence,  of  the  53.6  per  cent,  of  refined  sugar  obtained  by  the  old 
"process,  I  hav^  not  in  my  calculations  discriminated  between  the 
40  per  cent,  of  loaf  sugar  and  13.6  of  lump,  but  have  treated  it  all 
•alike  as  refined  sugar  entitled  to  drawback.  And  if,  as  I  have  beeH 
told,  at  some  of  the  custom-houses,  lump  sugar  or  refined  sugar  of 
inferior  quality,  is  not  allowed  the  benefit  of  drawback,  it  seems  to 

«e  that  it  is  in  clear  violation  of  the  legal  rights  of  the  refiner, 
hich  entitle  him*  t#  claim  on  "refined  sugar,"  of  any  quality, 
drawback  "equal  in  amount  to  the  duty  paid,''  "and  no  more." 
In  compliance  with  the  tariff  act  of  1842,  the  Secretary  of  the 
Treasury  took  steps  to  ascertain  this  "amount  of  duty  paid;V  and 
they  are  reported  in  Senate  Document  No.  12,  second  session 
twenty-eighth  Cpngress.  Unfortunately  for  the  interest  of  the 
refiners,  the  testimony  of  persons  was  relied  on  who  did  not  tes- 
tify correctly,  and  some  of  them  even  from  conjecture.  The  yield 
of  the  process  of  refining  was  assumed  to  be  75  per  cent,  of  refined 
sugar,  and  the  drawback  was  consequently  fixed  at  three  and  a  half 
cents  per  pound.  Had  it  been  correctly  determined,  (and  that  it 
-was  not,  is  the  fault  of  those  who  oflFered  testimony  in  the  case,) 
I  am  of  opinion  that  it  would  have  been  of  great  advantage  to  the 
commerce  of  our  country,  particularly  in  the  Italian  trade;  for  I 
am  informed  that  at  present  much  of  the  sugar  refined  in  Holland 
and  England  is  imported  into  the  United  States,  and  subsequently 
exported  in  Italian  vessels,  with  allowance  of  drawback,  to  Italy. 
This  is  done  for  the  purpose  of  obtaining  the  benefit  of  the  differ- 
ential duties,  wTiich  have  been  established  in  favor;  of  American 
produce  with  a  view  to  the  extension  of  Italian  enterprise  and  the 
cultivation  of  commercial  relations  with  the  United  States.  And 
it  is  owing,  to  the  policy  Adopted  by  England  and  Holland,  of  al- 
lowing not  merely  drawback,  but  bounty^  on  refined  sugar,  that 
notwithstanding  the  double  freight  and  commission,  and  the  10  per 
cent,  of  duty  retained  by  our  government,  the  British  iind  Dutch 
refiners  can  and  do  indirectly  enjoy,  to  the  exclusion  of  our  citizens, 
the  benefit  of  regulations  which  were  intended  for  them  alone.  I 
have  now  before  me  a  letter  on  this  subject  from  the  consul  of  one 
of  the  Italian  governments  for  the  city  of  New  York,  furnishitig 
evidence  of  what  I  have  just  stated;  and  I  have  been  told,  by  very 
intelligent  refiners,  that,  even  with  the  comparatively  high  prices 
of  labor  which  American  workmen  do  and  should  always  r^eceive 
they  can  compel  e  with  the  refiners  of  Holland  and  England  in 
Ilalian  markets,  if  our  government  will  merely  return  to  them  the 
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fall  amount  of  duty  paid;  and  that  this  should  be  done  cannot  be 
doabted|  not  only  because  it  is  but  justice  to  the  refiner,  but  also 
because  it  would  give  employment  to  a  large  number  of  workmen, 
and  gteatly  serve  the  commerce  o£  our  country. 

To  put.  the  question  of  drawback  on  refilled  sugars  entirely  at 
rest,  technical  investigations  can  be  made  at  a  slight  expense,  in  a 
manner  which  will,  I  think,  furnish  at  an  early  day  facts  tuat  may 
be  published  without  injury  to  private  persons  or  violation  of  con- 
fidence, and  which  will  leave  nothing  to  be  de^red  with  regard  to 
their  completeness  or  their  authenticity. 
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SECTION  11. 


IXTRODUCnON. 


32.  The  arrangement  I  have  adopted  in  this  section  is,  first,  to 
develope  the  gejieral  theory  of  hydrotneters,  with  a  decimal  sys- 
tem for  the  graduktion  of  their  scales;  after  which,  particular  in- 
structions will  be  given  for  their  construction,  and  the  different  in- 
struments in  use  in  the  United  States  and  in  Europe  will  form  so 
'  ipany  instances  to  which  the  general  principles  established  tna/be 
applied.  I  shall  thei}  discuss  the  present  state  of  our  kno'wiedge 
upon  the  temperature  of*  the  maximum  density  of  water,  and  apply 
to  the  most  exact  observations  a  method  of  calculation  more  jpigid 
than  seems  to  have  been  used,  and  by  which'  I  obtain  a  different 
result.  Lastly,  I  shall  describe  the  systems  of  ^'proofs"  of  distilled 
spirits,  both  of  Europe  and  our  own  country,  and  give  the  results 
of  an  experimental  comparison  of  the  principal  hydrometers  used 
for  ascertaining  the  strength  of  spirits.  ^ 

In  the  subsequent  part  of  this  report,  I  have  not  ascribed  to  M. 
FrancoBur  alone  the  decimal  system  developed  in  it,  for  it  is  to  Pror 
fessor  R.  M.  Patterson,  director  of  the  Uriited  States  mint,  who 
urged  upon  me  the  expediency  of  such  a  system,  and  who,  at  the 
same  time,  informed  me  of  the  admirable  methc/d  of  decimal  weigh* 
ing  he  has  introduced  into  the  United  States  mint,  that  I  am  indebt- 
ed for  the  suggestions  which  caused  me  to  adopt  decimal  gradua- 
tion before  I  knew  even  of  the  existence  of  the  memoir  of  M. 
Francoeur.  The  idea  of  decimal  division'belongs  indeed  to  the  age. 
In  the  Journ.  de  Physique  T.  "94,  p.  204,  there  is  a  paper  by  M. 
Delezennes,  in  which  a  system  of  four  hundred  divisions  is  discus- 
sed; the  views  it  presents  may  be  easily  adapted  to  a  centigrade 
system.  Within  a  few. days,  I  have  received  from  Paris  the  val- 
uable memoir  of  M.  Francoeur  on  centigrade  hydrometers,  from 
which  I  have  made  several  extracts  in  this  report.  But  I  have 
endeavored  to  be  just  by  citing  authorities  toyrhichl  ha^tre  refyred; 
and  these  have,  when  accessible,,  always  been  the  originals;  thus 
also  furnishing,  incidentally,  references  to  those  who  may  desire  a 
.mor\e  extended  acquaintance  with  th«  subjects  of  this  report.* 

It  is  greatly  to  be  regretted,  that  a  report  madet>y  Professor  R. 
M.  Patterson  to  the  Treasury  Department,  in  1825,  upon  the  sub- 
ject of  hydrometers,  was  destroyed  when  the  former  treasury  build- 
ing was  burnt,  and  that  np  copy  of  it  can  now  be  found. 
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t)n  the  fheory  of  the   hydrometer ^  and   a   decimal   system  for  its 

graduation.  ' 

33.  By  the  laws  of  hydrostatics,  it  re  established  that  a  body  imT- 
mersed  in  a  fluid  is  buoyed  or  pressed  upwards  by  a  force  exactly 
^qual  to  the  weight  of  the  bulk  .of  the  fluid  which  it  displaces. 
Hencf ,  if  the  body  float,  the  weight  of  the  volume  of  liquid  which 
wouldiill  the  space -occupied  by  the  portion  immersed  is  exactly 
equal  to  the  entire  weight  of  the  body  itself.  From  this  single 
fact,  with  beautiful  simplicity,  the  whole  theory  of  hydrometry 
readily  flows. 

For,  let  the  floating  body  be  a  hydrometer,  haying  the  usual- 
simple  construction,  represented  in  Fig.  (4)  of.  a  j^raduated  stem, 
a  bulb  and  a  counterpoise,  or  ballast,  to  preserve  it  in  stable  equi- 
librium when  in  a  vertical  position.  Let  p  denote  its  weight,  y 
the  specific  gravity  or  density  of  the  liquid  in  whi-ch  it  floats,  and 
.X  the  volume  of  the  quantity  displaced^   then  will 

p=xxy     .     -     -     -        *-     (8). 
•  •  • 

This  equation,  as  p  is  essentially  positive,  will  be  at  once  recog- 
nised as  that  of  the  hyperbola,  referred  to  its  asymptotes.  We 
have  therefore  a  very  simple  curve  for  our  instrument,  which  en- 
ables us  easily  to  deduce  all  its  properties;  and  of  which  the  ab-' 
scissas  represent  volumes  of  liquid  displaced,  and  the  ordinates  the 
corresponding  densities*  The'  consecutive  abscissas  are  therefore 
the  degrees  of  the  graduated  stem.  If  th'e  coordinates  are  rectan- 
gular, t}ien  will  the  hyperbola  be  equilateral,  and  p  will  be  the 
modulus'of  the  corresponding  system  of  logarithms;  we  shall  there- 
fore call  p  the  modulus  df  the  hydrometer. 

If  the  constant  weight,  or  modul.us,  ^,  be  determined  by  a  bal- 
ance, then  will  equation  (8)  easily  give  the  value  of  the  specific 
gravity  ^,  corresponding  to  any  particular  value  of  z  measured  on 
the  stem. 

Now,  as  the  diff^erences  of  the  brdinates  of  the  hyperbola  cor- 
responding to  consecutive  abscissas  are  not  equal,  it  follows  that 
the  spaces  between  the  degrees  of  the  stem  to  read  equidifi'erent 
specific  gravities  must  be  unequal,  and  that  the  stem  for  this  pur- 
pose cannot  be  graduated  into  equal  divisions.   ^ 

.  ^ 

34.  Whether   or  not,  in   the  present   higiily  advanced   state  of' 

I  philosophical  instrument  making,  it  may  be  easy  to  graduate  a 
ine,  so  that  the  degrees  shall  be  laid  off  accurately  at  distances 
corresponding  to  differences  of  the  ordinates  of  a  hyperbola,  prac- 
tical mechanics  only  can  say.  But  I  should  suppose  that,  as  the 
lengths  of  these  differences  maybe  easily  calculated,  the  graduated 
micrometer  screw  of  a  dividing  engine  would  accomplish  the  de- 
sired object.  Geometrical  methods  are  not  wanting,  and  they  are 
so  evident  that  they  will  readily  occur  to  one  acquainted  with  the 
elements  of  conic  sections,  and  ne^d  not' be  given  here.  But  that 
a  hydrometer   may  be  convenient  and   useful   in  the  arts,  it  need 
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.not,  and  perhaps  it  should  not,  read  specific  gravities; ^for  these 
are  usually  expressed  in  decimal  fractions;  ther^foVe,  are  recollected* 
with  difficulty,  and  liable  to  accidental  mistakes.  The  manufacturer 
•has  no  need  of  them  in  h^pruc'esses;  and  it  is,  for  instance,  far 
simpler  and  more  easy  to  remember,  that 'an  acid  or  sirup  has  the 
density  of  20*^  Beaum6,  than  that  its- specific  gravity  is  1.16661!^,. 
that  of  water  being  unity.  Hence  we  find  that  in  France,  though 
Brisson  brought  forward  simultaneously  a  hydrometer  reading 
specific  gravities,  and  succeeded  in  causing  a  violent  opposition  to 
the  instrument  of  Beaume,-the  latter  has  come  into  very  general 
use;  and  not  merely  in  France,  but  also  in  other  countries  of,  Eu- 
rope, as  wjbU  as  in  the  West  Indies  and  our  own  country.  Cer- 
tainly, therefore,  the  cause  of  this  must  lie  in  the  advantages  whLch 
in  the  instrument'  of  Brisson  were  found  wanting.  *  The  difficulty 
of  construction,  and  consequent  high  price,  were  perhaps  the  chief 
reasons  why  an  instrument  based  on  rigid  scientific  principles,  was 
superseded  by  one  depend'ing  upon  arbitrary  and  uncertain  rules; 
but  which  was  simple  and  easy  in  its  construction  and  use,  and 
being  of  comparatively  low  cost,  was  therefore  econ.omical.     Hfy- 

,  drometers  are  furnished,  of  equal  accuracy  of  workmanship  and 
fitpess  for  the  same  purpose,  which  vary  in  cost  so  much,  that  one 
is  sold  for  fifty  cents,  and  another  for  twenty-five  dollars;  they  are 
often   injured,  and   must  then   b^  replaced.     Certainly,  therefore^ 

.  price  is  a  matter  of  great  moment,  and  simplicity  in  construction 
and  employment  is  of  essential  importance. 

35«  Nor  is  it  necessvy^  even  in  scientific  researches,  that  the 
densities  measured  should  be  always  jexpressed  in  specific  gravities;, 
for  simplicity  tends  to  accuracy,  and  whole  degrees  of  a 'hydrom- 
eter are  often  better  than  fractional  specific  gravities.  Yet,  as 
Science  belongs  not  exclusively  to  any  country  or  nation,  she  should 
speak  everywhere  a  common  language;  nor  i.^  any  one  at  liberty 
to  violate  its  grammar,  if  he  would  be  understood.  Hence  a  hy- 
djrometer  scale  tnay  be  arbitrary,  but  must  be  founded  upon  invari- 
able data,  and  the  degrees  of  that  scale  should  be  translated  into* 
corresponding  specific  gravities  when  it  is  desired  that  they  may  be 
intelligible  .to  the  world.  In  article  32  I  have  shown,  that  when 
the  modulus  p  is  known,  and  the  degree  x  observed,  for  any  liquid^ 
then  the  specific  gravity  y  is  readily  obtained  from  equation  (8)  by 
a  very  easy  calculation.  For  the  reasons  above  given,  further  dis- 
cussion of  hydrometers  to  read  specific  gravities  is  here  unneces- 
sary, and  the  simple*the6ry  upon  which  their  construction  should 
be  based  being  briefly  exposed,  the  subject  may  properly  be  left  to 
men  of  science  anci  accomplished  mechanics.  We  therefore  resume  - 
the  examination  of  hydrometers  gtaduated  into  equal  divisions. 

36.  In  equation,  (8,)  suppose  that  y  becomes  equal  to  unity — a 
condition  which  will  be  fulfilled  when  the  hydrometer  is  put  into 
distilled  water  at  the  temperature  of  its  maximum  density — th^n 
will  p  be  equal  to  x.  The  modulus  of  a  hydrometer  is  therefore 
equal  to  the  volume  of  water  at  its  maximum  density  which  the  A  y 
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drometerHDOuld  displace.  There  are  obvious  reasons  why  the'^tem- 
perature  of  maximum  density  is  that  which  should  be  selected.  At 
that  point,  a  variation,  of  temperature  of  five  or  six  degrees  of 
Fahrenheit  would  only  cause  a  difference  of  O.OQOl^  nor  is  there 
any  liability  to  change  from  the  liquid  to  a  «olid  state,  as  is  the 
case  at  the  freezing  point,  which  may  be  rendered  statical  by  im- 
mersion in  melting  ice. 

37.  As  hydrometers  are  generally  applied  to  two  different  classes 
of  fluids — aqueous  solutions,  which  are  more  valuable  as  they  con- 
tain more  of  th^  substance  dissolved  and  are  more  dense;  and 
fluids  lighter  than  water,  such,  as  alcohol,  which,  on  the  contrary,  . 
are  stronger  as  they  contain  less  of  water,  and  become  lighter— the 
degree  which  corresponds  to  j),  the  modulus,  or  whicK  marks  the 
normal  density  of  water,  is  a  zero  point  for  hydrometers,  prescribed 
by  the  nature  of  their  applications,  and  therefore  having  nothing 
arbitrary  or  uncertain  in  its  determination.  For  fluids  heavier  than 
water,  the  degrees  would  read  downwards,  and  be  negative;  while, 
for  duids  lighter  than  water,  they  would"  read  upwards,  and  be 
positive.  In  eitiwer  case*,  the  degrees  increase  in  proportion,  to  the 
quantity  of  the  8ubstanc£  which  imparts  value  to  the  liquid*  The 
zero  point  of  a  hydrometer  might  be  assumed  as  that  of  its  volume, 
or  at  the  lower  extremity,  where' x  is  equal  to  nothing;  and,  to 
avoid  fractions,  the  modulus  might  be  marked  lOO  on  the  stem; 
water  would  then  be  100  instead  of  uDity.  To  such  a  scale,  the 
only  important  objection  would  probably  be,  that  for  fluids  denser 
than  water  the  degrees  would  read  inversely,  instead  of  directly, 
as  their  commercial  values;  and  this  objection  would  be  found  a 
serious  one  in  its  application  to  the  arts. 

38.  Assuming,  thi&refore,  that  the  modulus  of  panhydrometer,  or 
ils  weight,  establishes  its  proper  zero  point,  we  may  proceed  to  ^ 
show  how  the  instrument  can  be  graduated  without  introducing 
any  thing  capricious  into  its  construction.  As  the  equi-different 
valaes  of  x  mark  the  divisions  of  the  scale,  and  denote  in  equation 
(8)  volumes  displaced,  the  modulus  or  normal  volume  mttst  contain 
a  certain  number,  whole  or  fractional,  o(  these  divisions,  which 
number^  is  entirely  arbitrary,  for  the  variable  x  is  subject  only  to 
the  con*dition  that  its  increments  shatU  be  equal,  though  they  may 
be  of  any  magnitude  whatever.  Accordingly,  we  find  that  one  of 
the  most  general  artifices  adopted  by  instrument  makers,  to  render 
the  construction  of  a  particular  hydrometer  a  sepret,:and  a  monop- 
oly to  their  own  profit,  has  consisted  in  the  cajfriciousr  selection  of 
a  value  for  the  increments  of  x,  or  the  divisions  of  the  scale.  Add 
to  this  another  artifice,  that  of  an  arbitrary  change  of  the  zero 
point,  and  we  have  the  explanation  of  the  fact  that  hydrometers 
have  been  multiplied  until  almost  every. city  of  any  consequence 
has  produced  ils  hydrometer,  known  only  by  the  name  of  its  ma- 
ker, and  possessing  no  peculiar  advantages  over  others,  from  which 
it  differs  in  no  material  respect.  I  have  endeavored  to  inform  my- 
self of  all  the  hydrometers  in  extensive  use,  either  in  Europe  Qr  in 
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our  own  country,  but  am  still  constantly  hearing  of  another,  dif- 
ferent from  the  rest  only  in  its  particular  arbitrary  construction. 
And  they  may  be  multiplied  indefinitely.  If  a  commercial  mystery 
were  not  made  of  the  data  upon  which  any  one  of  these  iustru- 
ments  is  constructed,  its  indications  would  be  easily  intelljgible  by 
being  convertible  into  specific  gravities;  and  if  broken,  it  could 
readily  be  replaced  by  any  good  workman,  "^hich  cannot  be  done 
if  the  basis  of  the  instrument  be  kept  a  secret.  Now,  all  this  con« 
fusion  may  and  should  be  done  away  with,  at  least  in  as  far  as  the 
public  service  of  our  country  is  concerned,  by  the  eslablishment 
by  law  of  a  system  of  hydrometry  founded  upon  published  and 
invariable  data,  and  as  free  from  an  arbitrary  nature  as  it  is  prac- 
ticable for  it  to  be. 

tt  has  been  shown  that  some  particular  volume  must  be  given  to 
the  differences  of  x;  or,  in  other  words,  the  modulus  must  be  divi- 
ded arbitrarily,  but  we  cannot  be  at  a  loss  to  determine  what  that 
niimber  ought  to  be;  for  the  decimal  system  of  notation  has  become 
incorporated  with  all  our  ideas  of  number,  until  they  s^em  almost 
insepajrable  from  each  otber.  •  To  those  who  beve  become  accus- 
tomed'to  our  beautiful  decimal  coinage,  and  have  often  contrasted 
it  with  the  complex  system  of  guineas,  pounds,  shillings,  and  pence, 
the  decimal  division  of  a  scale^needs  no  argument  to  commend  it 
to  their  adoption.  In  'trade,  articles  bought  and  sold  are  usually 
divided,  if  it  all,  into  halves,  or«  quarters;  thus  the  yard  is  subdi- 
vided rather  iuto  halves,  quarters,  and  eighths,  than  into  feet  and 
inches.  For  convenience,  therefore,  the  fractional  parts  of  the  unit 
of  value,  the  dollar,  are  halves  and  quarters;  but  this  does  not  im- 

fiair  either  the  utility  or  beauty  of  the  method  of  counting  by  dol- 
ars  and  cents.  In  strict  analogy,  therefpre,  with  our  simple  coinage, 
the  hydrometer  may  be  decimally  divided,  each  degree  being  equal 
to  the.  hundredth  part  of  the  volume  of  the  modulu's,  or  bulk  of  dis- 
tilled water  at  its  maximum  density  displaced  by  the  floating  instru- 
ment. And  these  degrees  may  be  again  subdivided  decimally  into 
tenths,  hundredths,  etc.,  so  that  any,  desired  degree  of  sensibility 
may  be  given  to  a  hydrometer  belonging  to  this  system. 

•  39.  It  is  evident,  from  equation  (8,)  that  so  long  as  the  weight 
j9  of  a  hydrometer  remains  c'onstant,  the  value  of  x,  corresponding 
to  any  given  value  of  y,  will  not  vary.  Suppose  that  by  a  blow  the« 
bulb  of  a  metallic  hydrometer  J^ecomes  indented,  and  its  voluaie 
consequently  diminished,  then  will  it  sii^  deeper  to  an  extent 
equal  in  volume  tb  that  of  the  indentation,  and  this  quantity  be- 
/  comes  therefore'a  constant  correction  of  thcf  zero  point, .to  be  ap- 
'  plied  subtractively  for  fluids  lighter  than  water,  or  to  positive 
readings,  and  additively  for  fluids*heavier  than  water,  or  to  negative 
readings.     But  the  diflfarences  upon  the  scale. will  be  exact. 

40.  For  any  twa  hydrometers  of  different  weights  we  have 
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when  tbey  are  plunged  into  ^he  same  fluid,  of  \vhich  y  denotes  the 
density;  hence, 

p        X  • 

.    p'       x'' 

or  the  degrees  are  to  each  other  in  the  constant  ratio  of  their  res- 
pective moduli..  And  as  this  is  true  for  any  values  of  <y,  Xj  and  x'y 
which  correspond  to  each  other,  it  is  true  for  all;  or,  in  the  deci- 
mal system,  when 

P  '  ,  P' 

X  =  n ,  then  x'  =  n  — 

100  100. 

It  is  therefore  evident,  that  any  two  hydrometers  of  the  decimal 
Bjstem, however  different  in  their  respective  weights' and  sizes,  will 
read  the  same  number  of  degrees  when  plunged  into  the  same 
liquid.  And  if  the  sections  or  (liameters  of  their  stems  are  of  the 
same  magnitude,  then  will  the  lengths  of  the  degrees,  or  divisions 
OD  the  stem,  be,  proportional  to  the  weights  of  tiie  instruments. 
Hence  it  follows  that,  in  Dycas's  and  Sikes's  hydrometers,  to  which 
weights  are  added,  the  degrees  on  the  graduated  stems  bel,on^  to 
systems  of  very  different  sensibility  for  each  successive  weight;  or 
tbat  each  weight  constitutes  in  fact  a  distinct  hydrometer  of  a  series, 
a  very  complicated  arrangement. 

41.  For  the  same  hydrometer,  suppose  that  y  varies  geometrically, 
or  that  it  is  immersed  in  liquids  of  different  specific  gravity.  When 

X 

y'  =  2  y,  then  will  x'  =i  — . 

2      . 

Hence,  in  hydrometers  of  the  decinnal  system,  60^  below  zero  will 
correspond  to  a  specific  gravity  of  2,000,  water  being  unity.  For 
a  specific  gravity  1.500, 

*  3  .2 

as  y'  =  —  y,  and  x'  =  ■^-  xj 
2  .3 

a  hydrometer  of  the  decimal  system  would  read  ■ —  33^'^,  while  25*' 
corresponds  to  a  specific  gravity  of  1.3333.     Above  zero,  if 

x'==2x,  y'  =— i 

2 

tten,  in  the  decimal  system,  +  100®  will  correspond  to  a  specific 
pavity  of  0.5000.     Hence,  the  hundredth  degree  of  the  decimal 
hydrometer  will  slightly,  but  sufficiently,  exceed  the  point  requi- 
Hte  to  show  the  specific  gravities  of  sulphuric  ether,  cadutchoucine,  '* 
^d  the  lightest  known  liquids.    And  all  liquids  lighter  than  water, 
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at  present  kno^n  to  chemists,  will  have  their  densities  comprised 
between  zi^ro  and  +  100;  while  those  heavier  than  water  will  be 
indicated  by  the  negative  degrees  from  zero  to  100*^  below.  The 
simple  law,  that  the  degrees  of  hydrometers  vary  inversely  as  the 
specific  gravities  gives  rise,  as  we  have  seen  above,  to  the  fact  that 
specific  gravities  of  |,  f ,  |,  2,  etc.,  correspond  to  indications  of  100^ 
above  zero,  and  25^,  33^^,  60^,  etc.,  below  zer6.  Nothing,  there- 
fore, seems  wanting  with  respect  to  simplicity  in  this  system. 

42.  We  have  hitherto  supposed  that  the  weight  of  the  hydrome- 
ter is  sustained  only  by  the  liquid  in  wiiich  it  floats;  but  the  air 
also  aids  in  its  support,  by  the  buoyanqy  it  exerts  upon  the  stem. 
If  we  denote  by  a  the  relative  density  of  air  to  that  of  water,  and 
by  V  the  total  volume  of  the  hydrometer,  then  will  v^^x'  be  the 
volume  of  air  occupied  by  its  stem.  If  we  had  experimented  in 
vacuo,  for  the  absolute  weight  p,  we  should  have  found 

p=xy. 

But  in  air  we  have 

p  =  x' yj+a{v  —  x')i 

(x  —  x')  =  -{v  —  x') (9)J 

y 

which'  is,  therefore,  the  correction  to  be  added  to  a:',  the  degree 
observed  in  air  to  reduce  it  to  x,  the  degree  fOr  experiments  in 
Vacuo.  The  error  committed  by  disregarding  this  correction  would 
evidently  be  least  when  the  density  of  the  liquid  or  y  is  greatest. 
And  if  y  be  constant,  then  will  the  error  vary  with  a;* which  de- 
pends upon  the  pressuse  and  temperature  of  the  atmosphere,  as  in- 
dicated by  the  barometer  and  thermometer;  so  that 


a=i  a 


(l+ftO 

« 

will  be  the  value  of  ^O'in  terms  of  the  normal  density  a';  b  being 
the  coefficient  of  pressure,  t  the  degrees  of  the  ^thermometer  ob- 
served,-and  k  the  coefficient  of  the  atmospheric  dilatation.  At  60^ 
Fahrenheit  and  30  inches  of  the  barometer,  the  specific  gravity  of 
air  appears,  by  the  experiments  of  MM.  Biot  and  Arago,  to  be 
0.001220,  water  being  unity;  if  we  take  the  cubic  inch  of  water 
equal  to  252.525  grains,  then,  for  a  cubic  inch  of  air,  we  have 
0.30808  grains.  If  the  portion  of  the  stein  above  the  surface  of  the 
liquid  {v — x')  be  one  cubic  inch  in  volume,  0.30808  is  therefore  the 
quantity,  which,  when  divided  by  the  density  y,  wo^ld  give  the 
correction  to  be  applied,  provided  that  our  experiments  are  made 
at  30  inches  of  pressure  aiid  60^  Fahrenheit.  Suppose  that  the  li- 
quid is  water,  or  y  equal  to  unity,  and  that  the  hydrometer  weighs 
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500  grains,  then  will  5  grains  correspond  to  one  division  of  the 
scale,  and  0^.06  will  be  the  error  committed  by  omitting  to  take 
into  consideration  the  influence  of  the  atmosphere,  Hence,  as  y  va- 
ries within  Barrow  limits  for  all  known  liquids,  except  mercury, 
say  from  0.65  to  2.0,  we  conclude  that  an  allowance  for  atmos- 
pheric pressure,  need  not  be  made  in  the  ordinary  use  of  hydrome- 
ters; und  is  only  called  for  in  nice  scientific  investigations.  Still 
less  is  it,  therefore,  requisite  that  we  should  take  into  account  the 
effects  of  the  barometrical  and  thermometrical  oscillations  of  the 
atmosphere  on  either  side  of  its  mean  or  normal  state. 

43.  We  have  likewise  assumed  'that  observations  of  the  hydronft- 
ter  are  made  at  the  temperature  of  the  maximum  density  of  wafer 
at  which  the  volume  of  water  displaced  x  becomes  equal  to  p,  and 
y  is  unity.     At  any  other  temperature,  the  Volume  of  water  being 
greater,  y  will  be  less  than  unity,  and  x  will  become  greater  than 
f'^  or,  in  other  words,  the  hydrometer  will  sink.     But,  as  heat  gen- 
erally expands,  and  loss  of  heat  contracts  bodies,  whether  solid, 
liquid,  or  gaseous,  the  hydrometer  itself  will  undergo  a  change  of 
Toluae  whenever  the  temperature  of  the   liquid  varies.'  ,  While, 
therefore,  the  dilatation  of  the  liguid  tends  to  siTik  the  hydrome- 
ter, its  own  dilatation  causes  it  to  rise;  which  action  is  reversed  in 
each  for  contraction.     Hence  the  influence  of  temperature  tenuis  to 
work  out  its  own  compensation.     If  the  ratio  of 'dilatation  were* 
tho  same,  both/for  the  hydrometer  and  the  liquid  in  which  it  swims 
then  would  this  compensation  be  perfect;  but,  as  they  generallyWary 
very  considerably,  there  will  be  found  an  uncompensated  equation 
of  dilatation  of  appreciable  magnitude,  to   be  applied   to  observa- 
tions made  at  other  temperatures  than  that  of  the  maximum  density 
of  water.     And  this  equation  will  vary  with  the  coeflGicient  of  dila- 
tation of  each  particular  liquid.     Hence,  it  becomes  important,  and 
even  indispensable,  that  tab>es  of  dilatation  should  be  obtained,  by 
exact  researches,  for  the  different  liquids  to  which  a  hydrometer  is 
applied.      From   these,  as   data,  tables  of  correction,  having  the 
temperature  observed  for  their  argument,  should  be  calculated;  or 
a  simple   approximate   arithmetical    rule    for   corrections   may  be 
given,  if  one  can  be  dedutced;  >»r  a  mechanical  scale,  with  a  sliding 
rule,  may  be  us€d,.to  avoid  all  calculation  or  use  of  tables;  or,  last- 
ly, the  thermometer  employed  may  be  g^raduated  to  read  directly, 
instfad  of  its  usual  degrees,  the  corrections  to  be  applied  to  indi- 
cations of  the  hydrometer.      The  coefficient  of  dilatation  of  the 
parlicular^metal  or  kind  of  glas^  of  which  a  hydrometer  is  made 
must  also    be  determined  with   accuracy  by  nice  experiments.     If 
we  consider  the  dilatation  of  the  hydrometer  apart  from  that  of  the 
liquid,  then  will  it  cause  for  each  degree  of  temperature  a  particu- 
lar iacrement  of  volume,  and.  consequent  change,  principally  of  the 
zero  point,  wriich  will  be  constant  for  different  liquids. 

To  obtain  the  general  law  of  corrections  for  temperature,  let  k 
be  the  coefficient  of  cubic  dilatation  for  the  liquid,  and  k'  the  cor- 
responding  coeiScient   of  the  hydrometer;  let   t   alse  denote  the 
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temperature  reckoned  from  that  of  maximum  density  as  the  origin 
of  temperature}  theh  will  •* 

y  =  y^{}+kt)       .....     (10). 
p^x'y'^l  +  k't)  -     ....     (ll). 

From  which  equation,  if  we  put  it  under  the  form 

1 
.     '  p =  «'y' (12), 

it  .appears  that  the  hyperbola  wilf  no  longer  be  equilateral,  unless 
k\  =9  0;  but  that  for  all  values  of  the  coefficient  of  p  less  than  uni- 
ty, if  we  represent  this  coefficient  by  siii.  u^  we  shall  have 

p  sin.  tt==a;'y' (13), 

which  is, the  equation  of  a  hyperbola,  whose  asymptotes  form  with 
each  other  an  angle  equal  to  u,  and  of  which  p  sin.  u  is  the  power. 
And  for  any  observed  indication,  or  degree  x'y  the  corresponding 
reduced  value  y'  of  the  density,  will  be 


• 


y'  =  sin.  a— (14). 

x' 


As  the  coefficient  of  dilatation  for  solids  is  always  positive,  1  4- 
k*  ^  will  be  greater,  and  sin.  u  be,  therefore,  less  than  unity. 

Hence,  it  follows  that,  for  any  particular  temperature  observed, 
the  indications  of  the  hydrometer  and  the  corresponding  specific 
gravities  will  be  correctly  represented  by  the  abscissas  and  ordi- 
uates  of  a  hyperbola  referred  to  oblique  asymptotes;  and  the  ratio 
of  unity  to  the  dilatation  of  the  hydrometer  will  be  the  sine  of  the 
angle  formed  by  the  asymptotes  with  each  other;  the  power*  of  the 
hyperbola  being  also  the  sine  of  this  angle  multiplied  by  the  weight 
01  the  instrument. 

44.  Although,  in  applying  to  the  decimal  hydrometer  of  article 
38  the  general  conclusions  derived  from  equation  (8,)  where  the 
origin  of  abscissas  is  the  lower  extremity  of  the  instrument,  it  be- 
comes necessary  to  introduce  the  formulae  of^transformation  of  co- 
ordinates, which  correspond  to  the  zero  point  given  by  immersion 
in  distilled  \frater  of  maximum  density,  as  a  new  origin  W  abscis- 
sas. ^  Yet,  as  the  values  of  y  remain  unaffected  by  this  change,  and 

x=:a  —'x'  =  100  —  ap', 

is  therefore  the  only  formula  of  transformation  to  be  introduced  in- 
to the  expressions  to  r^fer  them  to  the  new  axes;  it  is  more  simple 
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to  omit  the  introduction  of' a — x'  into,  our  algebraic  expressions, 
and  merely  substitute  100 — x'^  or  th,e  arithmetical  complement,  in 
place  of  x,'the  abscissa,  in'the  numerical  value  of  a  formula.  This 
may  be  performed  mentally,  as  exemplified  in  sirticle  41  of  this 
paper. 

45.  Various  hydrometers,  like  that  of  Dycas,  are  adapted  to  li- 
quids of  very  different  specific  gravities  by  the  addition  of  weights; 
which  could  not  be  done  otherwise,  without  making  the  stems  of 
inconvenient  length.  It  is  therefore  requisite  to  give  the  theory 
of  such  instruments';  more  especially  as  the  meclfanical  construe*  ' 
tion  of  hydrometers  belonging  to  the  decimal  system  should  be  per- 
formed by  varying  their  weights,  and  as  by  use  of  weights  w#  may 
combine  the  advantage  of  a  short  stem  with  the  simplicity  andper« 
fection  of  decimal  graduation.  . 

Suppose,  therefore,  that  we  mark  the  degree  x,  to  which  the  hy- 
drometer sinks  in  distilled  water  of  maximum  density,  and  that  we 
add  internally  a  known  weight,  which  we  shall  denote  by  w;  then 
will  this  cause  the  hydrometer  to  sink  to  a  degree  marked  x',  for 
which  the  additional  quantity  of  water  displaced  is  equal  to  w  in^ 
weight,  and  x' — x  is  its  volume  in  degrees.  To  ascertain  the 
Talue  of  x' — Xy  the  weighty  of  the  hydrometer  must  be  accurately 
determined  by  the  balance,  and  divided  into  any  conventional  num- 
ber of  degrees,  which  number  is  represented  by  n;  then  shall  we 
hive,  by  proportion, 

n^io  ^     .     ' 

.      ,  =  (x'  — x)* (15). 

P 

If,  for  example,  we  suppose  the  hydrometer  to  be  of  the  decimal 
system,  n:±:;100,  and  that  it  weighs  500  grains,  then 

tD  =  5  (x'-^x). 

If  10  be  taken  successively  equal  to  50, 100,  150,  200,  etc.,  rrains 
x'-x  will  become  10^,  20^,  30^,  40^,  etc.;  or,  in  other  words,  the 
additional  portion  of  the  stem  which  the  given  successive  weights 
cause  to  be  immersed  must  be  graduated  into  the  above  correspond- 
ing equal  divisions.  If  we  subtract  instead  of  adding  weights 
then  will  equation  (15)  still  answer,  by  making  x' — x  negative;  so 
that 

^      uj^SCx-x') 
for  hydrometers  of  the  decimal  system. 

46.  .Hydrometers. of  the  decimal  system  may  be  constructed  with 
weights,  but  as  each  weight  gfves  a  new  modulus  and  a  different 
length  to  the  divisions  of  the  scale,  their  stems  must  be  prisms  of 
as  many  sides  and  separate  graduated  scales  as  there  are  weights 
employed.  These  scales  should  read  continuously^  so  that  the  de- 
grees will  Constitute  a  single  iscale. 
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47.  As  the  degrees  of  a  hydrometer,  to  be  readily  observed, 
should  not  be  less  than  one-twentieth  of  &n  inch  in  length;  the  stem 
of  the.  decimal  hydrometer  would  have  the  inconvenient  length  of 
seven  and  one-half  inches;  and  the  instrument  be  both  extremely 
fragile  and  unstable  in  its  vertical  position  for  the  low*er  degrees; 
there  are  therefore  practical  difficulties  ih  the  way  of  constructinj^ 
and  using  such  an  instrument.  But  in  its  use  it  is  rarely  that  it  is 
needed  by  the  same  person  to  perform  two  different  offices,  for  each, 
employs  it  only  for  a  particular  liquid,  as,  for  instance,  the  dis- 
tyier  for  alcoholio^  liquors,  the  brewer  for  malt  solutions,  the  tanner 
for  .those  of  bark,  the  manufacturing  chemist  for  acids  and  salts^ 
the  sugar  refiner  for  sirups,  &(^.;  hence  it  is  ifbi  only  unnecessary, 
but  inexpedient,  that  the  scale  of  the  instrument  should  extend  be- 
yond those  degrees  which  are  requisite  for  the  particular  purpose 
to"whiih  it  is  to  be  applied.  And  hydrometers  may  be  made  with* 
equal  facility  and  less  expense  of  shorter  stems,  and  of  any  desired' 
degree  of  sensibility,,  the  divisions  of  which  shall  be  comprised 
between  the  limits  of  any  given  degrees  of  the  decimal  system, 
positive  or  negative,  which  will  best  adapt  them  to  their  use.  Such 
hydrometers  are  infinitely  preferable  to  a  universal  hydrometer; 
bub  that  they  should  form  parts  of  one  general  decimal  system  is 
very  desitable. 

4B.  ,The  .materials  of  which  hydrometers  are  usually  made  art 
glass,  silver,  cqpper,  brass,  and  German  silver.  The  great  econo- 
my of  glass,"  its  perfect  cleanliness,  resistance  to  corrosion,  inca- 
pability of  fraudulent  change  of  form  or  weight,  and  facility  6f 
manufacture,  are  qualities  possessed  to  the  same  extent  by  no  otfier 
known  substance.  But  its  fragility  prescribes  limits  to  the  seiisi- 
bility  of  glass  hydrometers;  and  renders  metal  often  preferable. 
Still,  glass  ipstruments  only  should  be  used  in  trade,  unless  frauds 
can  be  otherwise  prevented  by  appropriate  legislation.  The  extent 
to  which  abuses  are  committee!  by  dealers  in  alcoholic  liquors  is  be- 
lieved to  be  enornious;  and  so  it  may  remain,  unless  some  means 
be  adopted  to  render  ithem  impracticable.  The  use  of  glass  hy- 
drometers, correctly  constructed,  and  liable  to  inspection  by  legally 
appointed  persons,  would  preclude  all  fraudulent  sales  of  li- 
quors; and  certainly  while  governme/it^,  by  standard  weights  and 
measures  of  length  arid  capacity,  prevent  dishonesty  in  trade  with 
respect  to  other  articles,  they  should  regard  as  worthy  of  their 
consideration,  and  of  similar  protective  legislation,  a  branch  of 
cfommerce  in  which  the  perpetration  of  crime  seems  tp  have. be- 
come so  common  as  to  pass  for  superior  sagacity.  Metallic  hydro- 
meters may  easily  be  rendered  fraudulent;  indentations,  to  which 
they  are  ever  very  liable  by  accident,  operate  in  favor  of  the  dealer 
against  the  purchaser;  fcd  in  levying  duty,  they  operate  for  the 
revenue  against  the  importer.  Unless  such  instruments  are  inspect- 
ed, from  tiiUe  to  time,  no  reliance  is  therefore  to  be  placed  upon 
them.  I  need  not,  and  I  should  not',  show  how  hydrometers  are 
designedly  rendered  fraudulent,  and  made  to  operate  for  or  against 
the  purchaser^   on^   for   buying;  another  for  selling.    I  will  only 
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add,  that  ibis  is  very  easily  done  for  any  metallic  hydrometer,  but ' 
for  glass  instruments  can.be  readily  accomplished  only  by  the  ma* 
kers  or  by  practical  chemists.  Copper  hydrometers,  made  by  the 
recently  discovered  electrotype  process,  may  possess  advantages 
over  all  others  of  metal.  I  am  told  by  Mr.  Saxton,  the  distinguish- 
ed philosophical  instrument  maker,  now  employed  in  the  fabrication 
of  the  standard  weights  and  measures  of  the  United  States,  and 
whose  skill  is  known  better  perhaps  in  Europe  than  in  this  his  na** 
tive  country,  that  hydrometers  could  be  made  by  the  electrotype 
method,  which  would  combine  facility  and  superiority  of  work- 
manship with  greater  certainty  in  use.  Their  coefficients  of  dilata- 
tion he  also  thinks  would  be  less  variable  than  those  of  wrought 
metal;  but  upon  this  subject  I  beg  leave  to  refer  to  Mr.  Saxton 
himself,  with  the  remark,  however,  that  I  deem  it  highly  import- 
ant that  a  series  of  nice  experiments  should  be  made,  to  determine 
the  coefficient  of  dilatation  and  mechanical  properties  of  electro- 
type copper,  with  a  view  to  this  application.  Metallic  hydrome- 
ters may  and  should  be  gilded  by  electro-gilding  with  gold  or  pla- 
tinum, by  which  they  will  be  rendered  incapable  of  corrosion  by 
liquids  generally,  and  may  perhaps  be  employed  even  for  acids. 

49.  As  the  decimal  system  of  hydrometers,  to  be  of  convenient 
adoption  in  place  of  the  instruments  now  in  use,  and  by  habit  ren- 
dered familiar  to  those  who  employ  them,  should  be  comparable 
with  them  by  even  the  most  ignorant  workmen,  it  would  be  advisa-  ' 
ble,  and  perhaps  necessary,  that  not  only  tables  of  comparison 
should  be  constructed,  but  that  the  stems  should  be  graduated  on 
their  different  sides  to  read  both  the  old  and  the  new  degrees. 
Thus,  by  daily  use,  the  new  and  more  simple  decimal  scale  would 
become  equally  familiar,  and  the  old  scales  would  be  abandoned 
without  perceptible  inconvenience.  Besides,  by  selecting  those 
instruments  which  appear  to  be  of  greatest  accuracy  of  their  par- 
ticular sorts,  they  would,  by  comparison  with  the  decimal  system, 
be  referred  to  perfectly  rigid  bases  of  construction  as  standards, 
and  differences  of  whole  degrees  would  no  longer  exist  in  the  in- 
struments  employed  and  offered  for  sale  by  the  trade.  Thus  an 
instrument,  having  on  one  side  the  decimal  scale,  should  be  gradu- 
ated to  read  degrees  Beaum^  on  the  other;  and  this  instrument,  re- 
garded simply  as  a  Beaum6's  peseacide  or  pise-esprit^  would  pos- 
sess the  advantage  over  other  hydrometers  according  to  Beaum^,  of 
being  always  graduated  correctly^  an  advantage  which  certainly 
should  recommend  it  to  use. 

There  are  hydrometers  in  use  which  read  not  specific  gravities, 
nor  divisions  of  an  arbitrary  scale,  but  per  cent,  of  the  substance 
dissolved  which  confers  value  upon  the  solution;  such  are,  for  in- 
stance, the  beautiful  centesimal  alcoholometer  of  M.  Gay  Lussac, 
and  the  saccharometer  of  brewers,  which  read  sometimes  the  num- 
ber of  pounds  of  malt  extract  or  fermentible  matter  in  a  barrel,  and 
sometimes  the  per  cent,  instead.  And  it  is  greatly  to  be  desired 
that  the  use  of  such  instruments  should  become  more  extended;  a 
pese-sirop^  for  example,  might  read  per  cent,  of  sugar  in  solution, 
instead  of  degrees  Beaume,  For  such  instruments,  the  decimal 
6 
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system  of  hydrometry  will  furnish  by  its  degrees  fixed  points  of 
reference,  or  data  of  construction,  which  may  be  more  readily  de- 
termined than  the  corresponding  specific  gravities,  to  which  they 
are  therefore  far  preferable. 

50.  In  conclusion,  it  appears  from  the  preceding  articles  that 
the  greatest  disorder  exists  with  reference  to  the  hydrometers  now 
in  use;  that  they  are  arbitrarily  and  capriciously,  and  may  be  in- 
finitely varied  without  material  advantage,  and  simply  for  the 
commercial  purpose  of  imposing  the  maker's  name  upon  them;  that 
they  are  not  comparable, because  each  maker  endeavors  to  keep  secret 
the  method  of  construction  he  employs,  and  which  alone  can  ren- 
itt  the  indications  intelligible;  that,  therefore,  if  broken,  they 
often  cannot  readily  be  replaced;  that  they  are  generally  inaccu- 
rate, and  often  fraudulently  employ  ed'^  that  they  may  very  easily  be 
rendered  fraudulent,  if  accurate;  that,  as  the  division  of  the  scale  of 
the  hydrometer  is  arbitrary,  it  should  be  decimal;  that  this  decimal 
goale  should,  as  some  liquid  must  be  employed,  be  referred  to 
water,  distilled  that  it  may  be  pure,  and  at  its  maximum  density, 
because  that  density  is  practically  stationary;  that  there  should  be 
a  single  uniform  scale  of  100  degrees  for  liquids  lighter  than  water, 
and  100  degrees  for  liquids  heavier  than  water;  that  glass  hydrome- 
ters cannot  readily  be  rendered  fraudulent,  except  by  their  makers; 
that  hydrometers  of  the  decimal  scale  may  be  constructed  of  metal, 
with  or  without  weights;  that  they  are  readily  graduated  by  the 
u»e  of  weights;  that,  by  graduating  hydrometers  to  read  old  estab- 
lished scales  on  one  side  of  the  stem,  and  degrees  of  the  decimal 
scale  on  the  other,  excellent  instruments  of  the  old  divisions  will 
replace  the  inaccurate  ones  now  in  use,  and  even  the  most  igno- 
rant workmen  will  readily  adopt  and  insensibly  acquire  the  habit  of 
using  the  simpler  decimal  hydrometer;  that  it  is,  therefore,  highly 
desirable,  and  worthy  of  the  government  of  a  country  like  our  own, 
to  regulate  the  use  of  hydrometers  in  commerce,  and  establish  a 
uniform,  exact,  and  invariable  system,  by  authority  of  law,  and  that 
svch  a  system  is  afforded  in  the  decimal  system  proposed. 

If  the  government  should  see  fit  to  adopt  a  deoimal  system  of 
hydrometry,  it  will  be  requisite  that  standard  instruments  be  con- 
structed, both  in  glass  and  metal;  and  I  shall,  therefore,  now  give 
practical  directions,  which  it  would  be  necessary  to  observe  in 
making  such  hydrometers.  But  from  standard  instruments  others 
may  be  made  by  tradesmen  at  less  trouble  and  at  less  expense,  as 
thermometers  are  now  graduated  by  comparison  with  a  standard. 

Method  of  manufacture  to  be  observed  by  instrument  makers^  in  the 
construction  of  standard  decimal  hydrometers. 

f  61.  We  suppose  the  bulb  and  stem  to  have  been  fashioned,  and 
the  instrument  ready  to  receive  its  counterpoise  and  graduated 
seale.  Care  should  be  taken  that  the  instrument  be  constructed 
symmetrically  about  its  axis,  to  prevent  its  leaning  when  but 
slightly  immersed.  If  it  be  intended  for  liquids  lighter  than  water, 
add  weight  internally  until  when  immersed  in  recently  distilled 
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nmter  at  the  temperature  of  maximum  density,  4®  centigrade,  or 
39}®  Fahrenheit,  it  sinks  to  the  bottom  of  the  stem;  the  degree  it 
marks  will  be  the  zero  point  of  the  hydrometer.  If,  however,  the 
hydrometer  be  intended  for  fluids  heavier  than  water,  then  must 
its  counterpoise  cause  it  to  sink  to  the  top  of  the  stem  in  distilled 
water  of  4**  centigrade,  as  a  zero  point. 

Weigh  the  hydrometer  and  its  counterpoise  accurately  by  means 
of  a  delicate  balance,  and  it  will  greatly  simplify  the  graduation,  if 
the  hydrometer  and  counterpoise  be  made  to  weigh  in  grains  one 
of  the  round  numbers  100,  200,  300,  400,  etc.,  which  may  easily  be 
done;  then  divide  this  weight  by  100,  the  quotient  will  be  the  num- 
ber of  grains  which  will  sink  the  hydrometer  one  degree  of  its  scale. 
If,  for  instance,  the  hydrometer  weighs  500  grains,  then  will  5 
grains  be  the  weight  to  be  added  or  subtracted  to  cause  it  to  sink 
or  rise  one  degree;  10  grains  will  give  2^;  15  grains  3^;  50  grains 
10^;  and  so  on  to  500  grains  for  100®,  or  as  far  as  the  length  of  the 
stem  will  admit  of  the  extension  of  its  scale.  These  weights  must 
be  added  to  hydrometers  internally^  or  at  the  top  of  the  steiUj  if 
they  are  to  be  used  for  liquids  lighter  than  water,  and  subtracted 
from  those  designed  for  liquids  heavier  than  water. 

If  the  hydrometer  be  of  glass,  weights  may  easily  be  added  or 
subtracted  by  leaving  the  stem  open  at  the  top  before  it  is  gradu- 
ated. A  finely  graduated  slip  of  paper,  of  exactly  the  same  weight 
as  that  intended  to  receive  the  degrees  of  the  scale,  will  serve  to 
mark  the  depths  to  which  different  weights  cause  the  hydrometer 
to  be  immersed.  After  these  depths  are  determined,  the  weights 
being  restored  to  that  of  the  modulus,  the  scale  is  divided  and  fixed 
within  the  stem  in  its  proper  position,  and  the  top  is  then  hermeti- 
eally  sealed. 

For  metallic  instruments,  this  may  be  accomplished  by  counter- 

fioises,  of  different  weights,  but  precisely  equal  volumes;  or  a  hol-^ 
ow  counterpoise  may  receive  internally  weights  of  different  amount. 
It  is  necessary  in  all  cases  that  the  volume  of  the  bulb  and  coun- 
terpoise should  be  constantly  the  same. 

By  attaching  the  hydrometer  by  means  of  a  silk  worm's  fibre,  or 
a  human  hair,  to  the  arm  of  a  delicate  balance,  weights  of  any  de- 
sired value  may  be  easily  subtracted  from  it,  with  greater  accuracy 
and  convenience  than  by  any  other  method. 

If  the  stem  of  a  hydrometer  be  very  fine,  the  ratio  of  the  capacity 
of  the  bulb'to  the  stem  will  be  rery  great,  and  the  instrument  will 
possess  extreme  sensibility. 

In  reading  off  the  degrees,  or  marking  the  depths  to  which  the 
instrument  sinks,  capillary  attraction  will  cause  an  elevation  of  the 
liquid  about  the  stem.  This  may  be  prevented  by  an  extremely 
thin  film  of  oil. 

52.  As  degrees  of  the  hydrometer  are  measured  by  equal  volumes 
of  water  displaced,  it  is  essential  that  the  stem  be  of  uniform  diam- 
eter throughout,  or  that  any  want  of  such  uniformity  be  corrected 
in  the  graduation.  To  ascertain  whether  it  be  regular,  the  method 
s^lggeated  by  M.  Francceur  is  very  accurate  and  convenient;  wrap 
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a  fine  thread  evenly  and  closely  round  the  stem  a  certain  number  of 
times,  say  one  hundred,  at  different  places;  the  measure  of  the 
length  of  the  thread  required  will  give  the  circumference,  if  divided 
by  the  number  of  its  wraplpings.  If  the  diameter  be  found  to  differ 
but  slightly,  then  may  its  variation  be  rendered  practically  inap- 
preciable by  graduating  the  stem  in  portions,  as  is  done  for  ther- 
mometers the  tubes  of  which  vary  slightly  in  their  bore  at  different 
places. 

53.  To  graduate  a  hydrometer  of  known  weight,  which  shall  be 
without  the  degrees  between  zero  and  any  desired  division  of  the 
decimal  scale,  let  it  be  of  such  weight  that  it  will  sink  entirely  in 
water,  if  for  a  heavier  liquid,  or  so  that  its  bulb  may  not  be  wholly 
submerged,  if  for  lighter  liquids;  then  add  or  subtract  weights  for 
two  successive  divisions,  as  described  in  article  51,  and  graduate 
the  interval  between  into  the  proper  corresponding  number  of  de- 
grees or  equal  fractional  parts.  Such  hydrometers  are  very  gen- 
erally employed  in  the  arts;  for  the  degrees  near  to  zero,  or  that 
of  water«^are  rarely  of  any  use,  and  only  increase  the  length  of 
the  stem 'Inconveniently. 

54.  To  construct  hydrometers  with  weights,  consider  the  instru- 
ment and  additional  weight  as  a  new  moduluSj  divide  the  sum  by 
100  for  the  weight  cbrresponding  to  a  degree,  and  graduate  for 
such  degrees  a  new  scale  on  a  different  side  of  the  stem.  A  single 
scale  will  not  therefore  serve  for  various  weights.  These  weights 
cannot  be  immersed  if  of  different  size  without  producing  changes 
of  volume  by  the  water  they  displace,  thus  affecting  the  position 
of  the  zero  point;  hence  they  should  be  added  either  internally  oc 

'  at  the  top  of  the  stem;  or  the  counterpoise  may  vary  in  weight, 
^while  its  volume  should  be  constant. 

55.  To  construct  cheap  and  sufficiently  exact  hydrometers  foi 
the  trade,  use  two  different  liquids,  corresponding  to  the  desired 
divisions  of  the  decimal  scale,  prepared  by  means  of  a  standard 
hydrometer;  and  having  examined  the  uniformity  of  the  diametes 
of  the  stem  graduate  the  interval  between  the  points  to  which 
they  sink  into  the  proper  number  of  divisions. 


Description  of  the  principal  hydrometers  now  or  formerly  in  use. 

56.  In  this  section  I  shall  give  an  account  only  of  those  instru- 
ments which  have  been  generally  adopted,  and  therefore  are  best 
known  in  France,  England,  Germany,  and  our  own  country,  re- 
serving other  and  comparatively  less  familiar  hydrometers  to  be 
discussed  hereafter.  The  pise-acide  and  pise-esprit  of  Beaum^  are 
so  commonly  found  in  the  workshops  of  all  the  above-mentioned 
countries,  that  they  deserve  our  first  attention. 

57.  Beaumi'^s  hy dr omit ers, --Fox  fluids  lighter  than  water,  Seav 
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1ii6  invented  his  p^se-esprit  {hydrometer  for  spirits;  Branntewein^ 
messer^  Germ.)  and  for  fluids  heavier  than  water,  a  single  instru- 
ment, called,  with  reference  to  its  particular  applications,  by  the 
different  names  of  pise-acide^  pdse-sel^  or  pise-sirop^  (acid,  sali^  or 
strop'  measure;  and  Sduremesserj  Salzspindely  or  Zuckermesser^ 
Germ.)  These  instruments  are  entirely  distinct,  and  form  no  part 
of  a  common  system,  for  they  are  constructed  on  different  bases. 
The  degrees  of  one  are  not  equal  to  those  of  the  other;  and  the 
lero  point,  which  is  determined  for  the  pise-esprit  by  a  solution 
containing  ten  per  cent,  of  common  salt,  corresponds  in  the  p^se- 
acide  to  the  density  of  pure  water.  Hence  ^e  shall  treat  of  these 
instrnments  separately. 

The  pise-esprit  is  constructed  by  immersion  in  a  solution  of 
common  salt,  containing,  as  already  stated,  ten  per  cent.,  to  obtain 
the  zero  point;  then  by  plunging  it  into  water  to  determine  another 
point,  which  Beaum^  calls  10°;  the  interval  is  graduated  equally, 
and  the  scale  extended  by  laying  off,  repeatedly,  with  a  pair  of 
dividers,  the  same  interval  upon  the  stem. 

The  zero  point  of  the  pese-acide  is  given  by  the  surface  of  the 
distilled  water  in  which  it  floats.  Immersion  in  a  solution  con- 
taining 15  per  cent,  of  common  salt  fixes  the  point  which  is  to  be 
marked  15"  upon  the  scale.  And  degrees  beyond  15®  are  deter- 
mined by  the  same  process  of  extension  employed  for  the  pise- 
esprit. 

It  might  at  first  be  supposed  that  the  degrees  of  these  instru- 
ments would  constitute  parts  of  a  common  scale;  but  the  densities 
of  two  solutions  of  common  salt  containing,  one  10,  and  the  other 
15  per  cent.,  will  not  be  such  as  to  correspond  to  equal  degrees  10^ 
and  15®  reckoned  from  water  as  a  common  origin;  and,  therefore, 
Beanme's  hydrometers  belong  to  different  scales. 

It  is  a  great  and  fundamental  defect  of  these  instruments,  that 
their  scales  are  constructed  by  the  multiplication  of  a  unit  of 
length;  for  workmen  generally  commit  an  error  in  determining  the 
fixed  points,  on  account  of  the  elevation  of  the  liquid  upon  the 
stem  by  capillary  attraction;  and  this  error  becomes  multiplied  by 
each  successive  repetition.  Hence  it  is  easy  to  perceive  the  reason 
why  Beaum^'s  hydrometers,  constructed  by  the  same  person,  and 
with  equal  care,  often  differ  whole  degrees  from  each  other,  when 
plunged  into  the  same  liquid.  This  fault  is  the  more  important,  as 
it  affects  principally  those  degrees  which  are  most  used.  In  hy- 
drometers of  the  decimal  system,  discussed  in  the  preceding  sec- 
tions of  this  report,  the  graduation  is  performed  by  the  subdivision 
of  a  multiple;  and,  therefore,  any  error  which  unavoidably  occurs 
in  measuring  the  fixed  points  will  be  diminished  in  the  ratio  of  the 
number  of  divisions  of  the  interval  between  them,  which  certainly 
constitutes  a  great  advantage,  and  renders  accuracy  of  workman- 
ship almost  certain. 

Another  defect  of  the  process  of  Beaum4  for  graduating  hydrom- 
eters is,  that  common  salt  generally  contains  impurities;  and  to 
obtain  it,  therefore,  perfectly  pure,  is  impracticable,  without  a  de- 
gree of  chemical  knowledge  which  instrument  makers  rarely  pos- 
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sess.  And  even  if  pure  salt  be  obtained,  and  the  solutiona  be  pro- 
perly mixed,  they  are  liable  to  eyaporation,  which  will  alter  their 
proportions  and  density. 

The  uncertainty  of  the  indications  of  these  hydrometers  is  es- 
tablished by  the  fact  that  tables  of  comparison  with  the  corres-- 
ponding  specific  gravities  have  be^en  experimentally  constructed  by 
several  distinguished  scientific  men,  which  all  vary  from  each 
other,  owing  doubtless  to  the  difference  of  the  hydrometers  used. 
Tables  lY,  and  Y,  give  the  results  obtained  by  those  whose  namesr 
are  above  the  vertical  columns. 

Yet  the  hydrometers  of  Beaum6,  by  possessing  the  advantages  of 
simplicity,  cheapness,  cleanliness,  and  adaptation  to  the  liquids  for 
which  they  are  used — solutions  of  salts,  sirups,  acids,  etc. — and 
being  founded  upon  known  and  easy  bases  of  construction,  so  that 
they  may  be  made  by  any  workman,  have  passed  into  use,  notwith- 
standing the  well  known  imperfections  I  h{Lve  mentioned,  and  to 
an  extent  exceeding  that  of  any  other  hydrometer. 

This  would  be  surprising,  but  for  the  striking  contrast  of  the 
advantages  mentioned,  with  the  correlative  disadvantages  of  com- 
plicated structure,  high  cost,  liability  to  corrosion,  limited  applica- 
tion, and  patented  or  secret  methods  of  construction,  rendering 
their  manufacture  a  monopoly,  which  have  justly  confined  other 
instruments  to  particular  countries  or  cities.  And  here  it  may  be 
proper  to  remark,  that  in  our  country,  as  well  as  in  England  and 
France,  the  government,  by  peculiar  legislation,  has  rendered  the 
manufacture  of  hydrometers  for  the  revenue  a  monopoly,  and  that 
the  person  who  long  enjoyed  this  exclusive  privilege  was  the  late 
Mr.  Dycas,  of  Liverpool,  England,  whose  hydrometer  is  established 
by  law  as  that  to  be  used  in  the  United  States  for  determining  the 
strength  of  spirits.  Certainly  our  own  mechanics,  if  any,  should 
enjoy  such  privileges.  The  States  of  Pennsylvania  and  Maryland,, 
also,  have,  by  statute,  adopted  ^'Dycas's  Patent  Liverpool  Hydrom- 
eter" as  their  standard,  and  so  most  probably  have  other  States. 

58.  Now,  an  instrument  which  may  be  accurately,  easily,  and 
cheaply  made  by  any  workman,  is  certainly  of  a  nature  which 
should  recommend  itself  in  a  republican  government.  And  the 
decimal  hydrometer,  which  combines  all  the  advantages  of  the  in^ 
struments  of  Beaum6,  with  a  freedom  from  their  defects,  and  the 
superiority  of  being  founded  upon  bases  which  nature  everywhere 
presents,  in  which  there  is  nothing  arbitrary  but  the  system  of 
counting  by  tens,  instead  of  any  other  numbers,  and  the  degrees 
of  which  are  converted  into  specific  gravities  by  a  rule  so  simple 
that  it  may  be  performed  mentally,  should  certainly  be  adopted^ 
both  by  our  government  and  its  citizens. 

And,  as  I  have  already  stated,  by  adopting  that  scale  for  Beau- 
m6^s  hydrometer,  which  seems  best  entitled  to  credit  for  exactness, 
and  drawing  it  upon  the  same  slip  of  paper  with  the  correspond-' 
ing  degrees  of  the  decimal  system,  instruments  may  be  furnished 
by  tradesmen  which  will  always  be  accurate,  if  regarded  simply  aa 
pese-esprits  or  pese-acides^  of  Beaum6.     And  they  will  cost  only 
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the  additioBal  labor  requisite  to  draw  two  scales  upon  the  same 
paper  instead  •£  one. 

59.  To  obtain  the  modulus  and  a  formula  for  converting  degrees 
of  the  hydrometers  of  Beaum6  into  specific  gravities^  we  must  iobr 
stitute  for  y  the  values  given  by  the  solutions  of  salt,  and  by  dis- 
tilled water,  in  our  fundamental  equation  (8.)  Now,  MM.  Fran- 
coeuj  and  Dulon?  have  given,  as  the  result  of  very  careful  experi* 
ments,  ^  =  1.0735  for  the  solution  of  10  per  cent.,  and  yss  1.1094 
for  the  15  per  cent,  solution. 

Hence,  for  the  phe-esprit^ 

pxssx for  water; 

J9S  1.0735  x',  -  -  for  the  saline  solution; 
and  z  —  x'  =5  10^. 

Hence  we  have 


UQo    ....     (16.) 


Therefore, 


p                             146 
y  =  —  becomes  y=a ....•-    (17). 

ar,  136 +  x" 

In  the  denominator,  we  substitute  136,  because  the  zero  point  is 
10  degrees  below  that  of  waten 

And  for  the  pist-acidtj 

j5  =  x in  water, 

p  =  1.1094  x'    -  -  in  the  saline  solution; 
and*  X  —  x'  =  15^. 

Hence  we  obtain 

16.641 

»= =  152° (18). 

0,1094 

p  152 

and  y  =  —  = 0^)* 

•    X        152  — x" 

I«  the  preceding  equations,  x'' denotes  the  indication  of  the  scale 
for  which  y  is  the  corresponding  specific  gravity.  From  these  for- 
mulas, (17)  and  (19,)  tables   of  comparison  with  specific  gravitiei 
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may  be  calculated,  possessing  far  greater  accuracy  than  any  ob- 
tained experimentally  with  the  instruments  to  be  found  in  shops; 
and  such  tables  would  serve  to  fix  the  standard  scale  for  Beaum^, 
"Which  should  accompany  some  of  the  hydrometers  of  the  decimal 
system. 

60.  But  as  the  degrees  of  the  hydrometers  are  merely  the  frac- 
tional parts  into  which  the  modulus  is  divided,  it  follows  from 
equations  (16)  and  (18,)  that,  to  convert  degrees  of  the  decimal 
system  into  degrees  Beaum6,  every  100  decrees  decimal  are  equiv- 
alent to  146  Beaunie,  for  the  pSse-esprit.  Hence  we  have  the  rule: 
multiply  hy  146,  and  divide  the  product  by  100,  then  add  10  for  the 
difference  of  the  zero-points. 

And  for  the  pise-acide^  to  reduce  decimal  degrees  to  Beaum6, 
multiply  by  152  and  divide  by  100.     The  zero  point  is  the  same. 

These  operations  are  reversed  when  we  desire  to  convert  degrees 
Beaum6  into  decimal  degrees. 

61.  Cartier^s  hydrometer,  { pes e- esprit.)  This  instrument  would 
scarcely  deserve  notice,  were  it  not  for  the  fact  that  it  was  em- 
ployed by  the  French  goverpment  for  a  long  time  in  levying  duties 
before  the  centesimal  alcoholometer  of  Gay  Lussac  was  brought 
forward.  Cartier,  a  goldsmith  of  Paris,  was  employed  by  Beaume 
to  make  metallic  hydrometers.  Brisson,  by  his  influence,  was  en- 
abled to  prevent  the  use  of  Beaum^'s  hydrometer,  though  unable 
to  supplant  it  with  his  own,  reading  specific  gravities.  Cartier 
divided  the  scale  of  Beaum6's  instrument,  so  that  every  16  degrees 
Beaume  should  be  equal  to  15  degrees  Cartier.  This  robbery  vf^s 
not  only  tolerated,  but  the  government  even  sanctioned  it  by  the 
adoption  of  Cartier's  instruihent.  According  to  M.  Francoeur,  the 
22d  degree   coincides  on  both   scales;  hence  we  have   the  equation 

(22  ±  16)B  =  (22  ±  15)  C; 

which  will  enable  us  readily  to  convert  indications  of  Beaum^  into 
those  of  Cartier  and  vice  versa. 

As  the  bases  of  construction  of  Cartier's  hydrometer  were  kept 
secret,  the  instrument,  founded  upon  no  established  data,  varied  so 
that  it  became  different  from  what  it  was  at  first.  M.  Gay  Lussac 
found  for  several  silver  hydrometers  submitted  to  his  examination 
by  the  Directeur  des  Contributions  indirectes,  that,  as  Beaum^  had 
stated,  29  degrees  Cartier  correspond  to  31  of  Beaum6.  Yet  these 
hydrometers  differ  from  those  used  by  the  government  in  the  reve- 
nue. 

62.  The  centesimal  alcoholometer  of  M.  Gay  Lussac. — In  the 
little  book*  of  tables  and  instructions  which  accompanies  this 
simple  and  beautiful  instrument,  it  is  so  briefly  and  clearly  explained 

**  ^''Instraction  poar  Pnsage  de  PAlooom^tre  Cent6flimale  et  des  tables  qui  raccompasneot 
F«  M.  Q9f  LuSMc;"  Pans,  1824.  ^  ^        . 
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that  I  will  employ  the  language  of  M.  Oay  Lussac,  literally  trans- 
lated instead  of  giving  its  description  at  second  haad: 

**The  spirituous  liquors  known  in  ctn&merce  as  ardent  spirits  are 
mixtures  in  various  proportions  of  water  and  perfectly  pure  alcohol'. 
Their  value,  therefore,  generally  depends  upon  the  quantity  of  al* 
cokol  that  each  contains.  To  determine  this  quantity  of  alcohol, 
I  take  pure  alcohol  by  volume,  at  the  temperature  of  15°  centigrade, 
(59°  Fahrenheit,)  as  a  term  of  comparison,  and  I  represent  its 
strength  by  100  per  cent.,  or  unity.  Hence,  the  strength  of  a  liquor 
is  the  per  cent.^  by  volume^  of  pure  alcohol  which  it  contains  at  the 
temperature  of  15°  centigrade* 

'^The  instrument  which  I  call  the  centesimal  alcoholometer  is, 
with  respect  to  its  form,  an  ordinary  hydrometer.  It  is  gradu- 
ated at  the  temperature  of  15^  centigrade.  Its  scale  is  divided  into 
100  parts,  or  degrees,  of  which  each  represents  a  per  cent,  of  al- 
cohol; the  degree  0  corresponds  to.  pure  water,  and  the  division  100 
to  alcohol.  Plunged  into  a  spirituous  liquor  at  the  temperature  of 
15^  centigrade,  it  indicates  at  once  its  strength.  For  example,  if 
in  brandy  at  the  temperature  of  15^  it  sinks  to  the  division  of  50, 
it  shows  that  its  strength  is  50  per  cent.;  that  is  to  say,  the  brandy 
contains  50  per  cent,  of  its  volume  of  pure  alcohol. 

^'When  the  liquor  is  not  of  the  temperature  of  15^,  a  portion  is 
brought  to  that  temperature,  either  by  warming  it  with  the  hand,  or 
cooling  it  by  immersion  in  cold  water;  but  it  will  be  both  more 
convenient  and  more  exact  to  employ  the  tables  of  corection  given.'? 

This  instrument  of  M.  Gay  Lussac  is  so  perfectly  simple,  and 
so  admirably  adapted  to  the  use  for  which  it  is  designed,  that  it 
could  not  fail  to  be  of  the  greatest  service  to  commerce,  if  it  should 
be  adopted  in  place  of  the  complicated,  uncertain,  and  almost 
unintelligible  hydrometers  of  Sikes,  Dycas,  and  others.     The  sim- 

flicity  of  his  hydrometer  renders  its  cost  comparatively  trifling, 
t  may  be  constructed  of  glass  or  metal.  It  is  this  instrument 
which,  at  present,  I  feel  inclined  to  recommend  to  the  use  of  our 
government;  before  deciding,  however,  the  opinions  of  persons  en,- 
gaged  in  the  manufacture  and  sale  of  spirituous  liquors  should  be 
consulted  and  carefully  considered,  and  certain  experiments  should 
be  performed,  which  would  furnish  full  and  complete  information 
upon  every  important  point  connected  with  its  theory,  that  instruc- 
tions may  be  given  for  its  construction,  which  has  been  kept  secret 
for  commercial  purposes,  and  which  instructions  should  be  so  simple 
that  any  good  workman  may  comprehend  and  carry  them  into  effect. 
Their  manufacture  may  then  he  carried  on  by  our  own  mechanics. 
At  present,  the  alcoholometer  of  Gay  Lussac  may  be  purchased 
in  our  large  cities  of  persons  who  import  it  from  France;  and,  on 
account  of  its  superiority  and  low  price,  it  deserves  the  attention 
of  distillers  and  dealers  in  spirituous  liquors.  In  the  Dictionary  of 
Arts  and  Manufactures,  by  Dr.  Ure,  (article  Alcohol,)  and  the 
▼aluable  Encyclopedia  of  Chemistry  of  Messrs.  Booth  and  Boy6, 
(article  Aicohalometrys)  will  also  be  found  the  tables  of  correction 
for  temperature  given  by  M.  Gay  Lussac. 

The  government  of  Sweden  has,  at    the  recommendation,  I  be* 
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lieTe^  of  the  C€ilebrated.  Serzeliusi  adepted  the  eenieflimal  akoho^ 
lometer.  In  Pruggia  aad  Austria,  similar  instruments  by  TrallesanA 
Meissner  have  been  established  by  th«  authority  of  law.  Whether 
other  couotries  employ  it,  I  have  not  at  present  sources  of  infori- 
mation  at  command. 

^  As  the  theory  of  this  instrument  will  probably  be  discussed  fully 
in  a  subsequent  report,  and  after  the  above-mentioned  experiments 
shall  have  been  performed,  I  pass  to  the  description  and  discus* 
sion  of  English  hydrometers. 

British  hydrometers. 

63.  Of  perhaps  fifty  different  instruments  which  have  been  used 
in  England,  I  shall  describe  but  few,  and  discuss  only  those  of  Dy- 
cas  and  Sikes.  Th^  first,  because  it  is  adopted  by  act  of  Congress 
approved  August  10,  1790,  as  the  hydrometer  to  be  used  in  levying 
duties  in  the  United  States;  and  the  second,  because  it  is  employ- 
ed in  the  revenue  of  Great  Britain;  both  of  which  hydrometers 
are,  however,  exceedingly  complicated,  and  therefore  very  uncer- 
tain and  imperfect. 

64.  darkens  hydrometer. — This  is  the  oldest  hydrometer  estali- 
lished  by  law  for  the  British  government;  it  is  particularly  des- 
cribed by  its  inventor  in  the  Philosophical  Transactions  of  the 
Royal  Society  for  the  year  1730;  and  at  that  early  day,  when  exact 
knowledge  of  the  dilatation  of  alcohol  and  of  metals  had  not  been 
obtained  by  experiment,  the  correction  for  temperature  supplied  by 
this  instrument,  though  very  imperfect,  constituted  a  decided  su- 
periority over  other  hydrometers  in  use.  The  instrument  before 
me  was  intrusted  to  the  Office  of  Weights  and  Measures  by  the 
Treasury  Department,  No.  11,679,  made  of  copper  by  the  hydro- 
meter makers  to  his  Majesty's  honor^able  Board  of  Excise.  The 
bulb  is  about  one  inch  in  diameter;  the  stem  very  slender,  and  flat, 
having  the  proof  point  marked  by  an  inlaid  silver  bead,  above  and 
below  which  it  is  graduated  from  one  to  ten;  it  is  accompanied  by 
thirty-two  weights,  to  adapt  it  to  liquors  of  different  density;  and 
eleven  weights  for  temperature,  marked  successively  from  32*^  to 
80^  Fahrenheit,  "very  cold,  colder,  cold,  coldish,  temperate,  warm-- 
ish,  warm,  warmer,  hot,  hotter,  very  hot,^^  which  adjectives  are  de- 
fined by  corresponding  degrees  upon  the  scale  of  the  accompanying 
thermometer. 

66.  The  importance  of  a  correction  for  temperature  will  be  felt, 
if  it  be  borne  in  mind  ^hat  the  change  of  bulk  of  spirit  containing 
60  pjtT  cent  of  alcohol  is  such  that  there  is  a  difference  of  two  gal- 
lons and  a  half  in  every  hundred,  according  to  the  experiments  of 
Oilpin^  produced  by  a  variation  of  temperature  from  32°  to  80* 
Fahrenheit,  which  for  our  purposes  may  be  considered  as  the  tem- 
peratures of  summer  and  winter  for  the  niean  climate  of  the  United 
States.  The  rise  and  fall  of  the  liquid  in  the  tube  of  a  thermome** 
ter  is  a  familiar  instance  of  this  change  of  volume  by  variation  of 
temperature* 
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6&  Th€  sjsttm  of  describing  the  sirengtliof  liquor iGorrespond- 
iBg  to  Clarke's  hydrometer)  and  given  by  ni^i&herfi  engraTed  upon 
the  weights,  was  as  follows:  For  spirits  ever  proofs  I  tQ  2y  I  toZ^  1 
to  4,  &C.9  impUed  oive  gallon  of  water  .must  be  mixed  with  two^ 
three^  four,  etc.,  respectively,  of  liquor,  to  reduce  it  to  proof.  And 
for  spirits  under  proof  y  1  in  2,  1  in  3,  1  in  4,  etc«,  denoted  tkat 
oae  gallon  of  water  taken  from  2,  3,  4,  etc.,  would  reduce  the  li* 
quors  to  frotff  spirit. 

Bj  act  of  Parliament,  1762,  the  specific  gravity  of  proof  spirit 
was  established  as  0.916  at  60^  Fahr.  But  the  proof  spirit  of 
Clarke's  hydrometer  was  in  error  0.004,  as  shown  by  the  following 
table  of  Lowit2  for  the  indications  of  that  instrument: 


Hydrometer. 

8p.  gravity. 

Hydrometer. 

6p.  gravity. 

1  in  2 
1  in  5 
1  in  10 
1   ID  15 
1  in  20 
Proof 

0.9644 
0.9424 
0.9320 
0.9280 
0.9265 
0.9200 

1  to  20 
1  to  15 
1  to  10 
1  to  6 
1   to  2 
Alcohol 

0.9162 
0.9135 
0.9107 
0.8961 
0.8590 
0.8338 

By  subsequent  act  of  Parliament,  the  proofs  of  Clarke's  hydro* 
meter  were  fixed  relatively  to  those  of  Sikes's  hydrometer,  as  fol- 
lows: 


Clarki*8. 

One  to  nine,  over  proof 
Ose  to  ten  over  proof 
One  in  eight  under  proof 
One  in  six  under  proof 
One  in  five  under  proof 


Sikes's. 

sa  nine  per  cent,  above  proof, 
ss  seven  per  cent,  above  proof. 
=  thirteen  per  cent,  under  proof, 
as   seventeen  per  cent,  under  proof. 
=  tvrenty-two  per  oent.  under  proof. 


The  duties  were  charged  only  upon  proof  spirit,  and  a  calcula- 
tion bad  to  be  made,  to  ascertain  the  quantity  thereof  contained  in 
any  liquor. 

'  67.  Owing  to  the  imperfections  of  Clarke.'s  hydrometer,  it  was  aban- 
doned, and  Jones's,  Quin's,  Dycas's,  Speers's,  Atkins's,  and  Sikes's 
hydrometers' came  successively  into  use.  The  first  three  of  these 
were  substantially  the  same  as  Clarke's  and  may  be  considered 
simply  as  improvements  rendered  necessary  by  its  faults,  and  per- 
formed but  imperfectly,  for  want  of  thorough  knowledge. 

I  shall  describe  Dycas's  hydrometer  among  those  of  the  United 
States^  but  it  were  useless  to  give  a  detailed  account  of  the  instru- 
ments which  went  into  disuse  when  the  government  of  Great 
Britain  adopted  the  hydrometer  of  Sikes,^  and  which  seem  to  have 
been  contrived  to  suit  the  system  of  proofs  established  in  trade  by 
the  use  of  Clarke's  hydrometer,  and  therefore  to  have  produced  no 
permanent  ^nd  material  effect  upon  the  practice  of  that  govern- 
ment. Besides,  as  thes^  hydrometers  possess  no  superiority,  they. 
are  therefore  objects  of  curiosity  rather  than  of  scientific  consid- 
eration. 


£SOj 
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68.,  In  consequence  of  the  confusion  and  want  of  certftih  know- 
ledge with  which  the  subject  of  hydrometers  seetned  to  be  invested, 
t*he  British  gorernment  applied  to  the  Royal  Society;  at  the  recom- 
mendation of  which,  a  laborious  and  accurate  series  of  researches 
were  undertaken  and  performed  by  Sir  Charles  Blagden  and  Mr. 
Gilpin;  the  results  of  which  were  published  in  full  in  the  trans- 
actions of  that  society  for  the  years  1790,  1792,  and  1794.  The 
accuracy  and  fidelity  with  which  this  task  was  performed,  and  the 
refinement  of  the  methods  employed,  entitles  these  researches  to 
all  the  admiration  and  praise  that  has  been  so  liberally  bestowed 
upon  them  by  those  who  have  taken  the  pains  to  examine  them; 
and  it  would  perhaps  be  but  justice  to  say,  that  they  would  do 
honor  to  the  more  refined  science  of  our  day,  when  the  art  of 
philosophical  instrument  making  has  been  carried  to  a  degree  of 
perfection  which  is  indeed  wonderful,  and  the  sister  art  of  experi- 
menting has  become  a  calling  which  can  be  learned  only  by  serv- 
ing an  apprenticeship  under  a  skilful  and  experienced  master. 

It  is  a  fact,  strange  and  unaccountable  as  it  may  appear,  that 
though  Messrs.  Gilpin  and  Blagden  performed  their  task  in  a  man- 
ner which  could  not  have  been  surpassed,  and  obtained  all  the  in- 
formation requisite  to  furnish  a  perfect  instrument  and  system  of 
inspection  for  spirits,  the  British  government  neglected  to  apply 
the  knowledge  obtained  to  its  legitimate  object.  And,  twenty 
years  afterwards,  the  complicated,  imperfect,  and  uncertain  hy- 
drometer of  Sikes  was  established  by  law  as  that  to  be  used  in  the 
revenue  of  the  United  Kingdom;  though  its  basis  and  method  of 
construction  arfi  to  a  great  extent  arbitrary,  and  seem  to  have  been 
kept  secret  by  its  inventor,  perh^aps  for  purposes  of  personal  emolu- 
ment. 

In  Pxussia,  however,  the  labors  of  Messrs.  Blagden  and  Gilpin 
produced  better  fruit;  for  they  were  there  employed  by  Tralles, 
who  founded  upon  them  his  centesimal  alcoholometer y  and  method 
of  levying  duties  by  per  cent,  of  alcohol.  These  were  adopted 
by  the  Prussian  government;  and  they  differ  in  no  material  respect 
from  the  similar  system  established  at  the  suggestion  of  M.  Gay 
LuBsac  by  the  government  of  France. 

Nor  was  this  action  of  the  British  government  owing  to  any 
want  of  proper  instruction  on  the  part,  of  Messrs.  Blagden  and 
Gilpin;  for  in  his  report  Mr.  Blagden  remarks,*  after  speaking  of 
the  requisite  points  of  attention  to  render  a  hydrometer  adapted  to 
the  purpose:  ^^I  am  still  of  the  opinion  that  the  best  way  bf  laying^ 
the  duty  would  be  directly  on  the  quantity  of  alcohol  contained  in 
any  composition."  He  then  proceeds  to  show  how  tables  may  be 
constructed  for  this  object  for  each  temperature  and  indicationi 
which  will  give  a  ^^decimal  multiplier;"  which  use  of  a  decimal  mul- 
tiplier, the  ratio  of  the  alcohol  to  the  whole  mixture,  is  no  other 
than  the  method  of  per  cent,  by  volume  of  Tralles  and  Gay  Lua- 
sac,  so  highly  esteemed,  in  the  commerce  of  their  respective  coun- 
tries, for  its  accuracy,  convenience,  and  simplicity. 

*  See  PhiloBophuMd  TranaactioDs,  1792,  p.  436. 
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69.  Sikes^s  hyiromtUt. — I  describe  tbe  infitrtment  furnished  bj 
the  Treasury  Department  to  the  office  of  Weights  and  Measures, 
and  made  by  R.  JS.  Bate,  of  London,  ^^hydrometer  maker  for  the 
revenue  of  the  United  Kingdom,''  established  22d  July,  1816,  by 
act  of  Parliament,  (58  George  III.,  cap.  28,)  and  accompanied  by 
a  thermometer  and  a  book  of  tables  containing  62  pages  qnarto 
and  entitled  ^^Sikes's  table  of  the  concentrated  strength  of  spirits^ 
with  directions  for  the  use  of  his  hydrometer.''  This  hydrometer 
is  of  brass,  and  consists  of  a  spherical  bulb  about  one  inch  and 
a  half  in  diameter,  to  which  is  attached  below  a  slender  conical 
rod  about  one  inch  and  a  quarter  in  length,  which  carries  at  its 
end  a  counterpoise  of  a  half  inch  nearly  in  diameter,  to  give  it 
the  requisite  stability.  Abbye  the  bulb  ia  attached  the  stem,  iSat- 
tened  and  graduated  with  a  single  scale  into  ten  equal  divisions^ 
numbered  from  1  to  10,  which  are  again  subdivided  into  five  frac« 
tional  parts  of  two  tenths  each.  The  length  of  this  stem  is  about 
three  and  one-half  inches,  and  the  entire  length  of  the  instrument 
is  six  and  one-half  inches  nearly. 

The  instrument  is  accompanied  by  nine  differents  weights,  of 
unequal  volume;  the  form  of  which  is  that  of  a  divided  ring,  so 
thai  they  may  be  placed  upon  the  conical  rod,  and  then  slid  dowa 
to  the  counterpoise,  where  the  increased  diameter  of  the  cone  pre* 
vents  their  falling  off  in  the  liquid.  By  means  of  these  weights^ 
numbered  10,  20,  30,  etc.,  to  90,  the  hydrometer  seale  is  extended 
to  100  divisions,  of  which  the  units  are  read  off  upon  the  graduated 
stem,  and  the  tens  are  given  by  the  weights.  If  we  consider  the 
fractional  parts  of  two  tenths  each,  then  the  scale  comprises  500 
divisions* 

On  the  side  or  edge  of  the  stem  there  is  a  mark  to  which  the 
weight  60  depresses  the  instrument  in  proof  spirit  at  51^  Fahren^ 
heit.  By  the  act  of  Parliament  establishing  the  use  of  this  hy*^ 
drometer,  proof  spirit  is  defined  to  be  that  which  at  5V  Fahreni* 
heit  weighs  exactly  twelve-thirteenths  of,  an  equal  hulk  of  distilled 
water.  The  hydrometer  is  therefore  accompanied  also  by  a  small 
square  weight,  having  a4ioIe  in  one  side  by  which  it  may  be  fixed 
upon  the  top  of  the  graduated  stem,  and  which  weighs  one-twelfth 
of  the  entire  weight  of  the  instrument  and  weight  numbered  60. 
When  added,  this  square  weight  sinks  the  hydrometer  in  distilled 
water  to  the  proof  mark,  and  shows  that  the  instrument  is  con* 
structed  in  accordance  with  the  definition  of  the  act  of  Parliament. 

The  thermometer  is  of  Fahrenheit's  scale;  and  the  book  of 
tables  shows  for  every  indication  and  temperature,  from  30^  to  80^ 
Fahrenheit,  the  corresponding  over  proof  or  under  proof. 

This  hydrometer  is  sometimes  accompanied  by  a  ^'sliding  rule," 
somewhat  like  that  which  is  used  for  Dycas's  hydrometer,  and 
which  gives  the  strength,  mechanically,  by  causing  tbe  star  to  coin- 
cide with  the  observed  temperature,  and  then  reading  off  the  proof 
opposite  the  indication  or  division  given  by  the  hydrometer. 

70.  There  are  two  serious  objections  to  the  use  of  a  hydrometer 
of  this  description;  tbe  first  arising  £iom  the  fact  that  weights  of 
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nneqaal  volume  are  added  below  the  surface  of  liquids  of  different 
density,  -which  renders  the  theory  of  the  instrument  so  compli- 
cated as  to  be  incomprehensible  to  workmen  generally,  and  re- 
quires, for  its  construction  to  attain  certainty,  an  amount  of  mathe- 
matical calculation  which  should  not  be  demanded,  as  there  is  no 
necessity  for  it.  And  should  the  instrument  maker  follow  the 
process  of  servilely  copyiqg  one  instrument  from  another,  then  it 
seems  to  me  there  can  be  no  ground  for  confidence  in  his  work. 
The  second  objection  is,  that  a  single  divided  scale  upon  the 
stem  causes  the  divisions  to  correspond  to  a  different  arbitrary 
system  of  graduation  for  each  successive  weight  and  modulus; 
thus  destroying  all  unity  and  simplicity. 

The  force  of  these  objections  will  be  better  felt  by  an  inspection 
of  the  mathematical  theory  of  Sikee^s  hvdrometer,  which  I  give  as 
developed  by  M.  Franco&ur  in  his  valuable  memoir,  already  referred 
to,  (art.  32,)  and  which  is  not,  as  far  as  I  am  aware,  to  be  found 
im  any  English  publication. 

71.  The  instrument  should  be  of  such  volume  and  weight,  that, 
when  floated  in  absolute  alcohol,  a  small  portion  of  the  stem  will 
be  above  the  surface  of  the  liquid;  and  when  plunged  into  water, 
an  additional  immersed  weight  should  cause  the  surface  to  be  a 
little  above  the  bulb.  That  these  conditions,  requisite  to  fix  the 
zero  point  and  division  10  .of  its  scale,  may  be  fulfilled,  it  is  ne- 
cessary to  perform  the  following  preliminary  experiments. 

Having  weighed  the  instrument,  add  weights  internally^  or  at 
the  top  of  the  stem,  until  it  sinks  in  distilled  water  to  the  division 
10,  just  above  the  bulb.  The  entire  weight  thus  given,  and  which 
we  denote  by  v'j  will,  as  the  density  of  water  is  known,  determine 
the  volume  of  water  displaced.  Then  add  weights,  in  a  similar 
manner,  until  the  hydrometer  sinks  to  a  point  near  the  top  of  its 
stem,  which  should  be  taken  as  the  zero  point;  denote  this  second 
weight  by  v;  we  shall  thus  obtain  k=sv — t?';  and  these  weights  v — 
v'  and  k  will  give  the  volumes  corresponding  respectively  to  the 
zero  point,  to  division  10,  and  to  the  graduated  portion  of  the  stem. 

Now  since,  by  equation  (8),  y=xy,  if  n  be  the  density  of  ab- 
solute alcohol,  it  becomes  necessary  to  the  end,  that  the  hydrome- 
ter shall  sink  in  alcohol  to  the  zero  point,  that  it  should  fulfil  the 
condition 

jp  ==  n  t? .     (20). 

In  which  equation,  p  is  the  weight  of  the  instrument  without  its 
additional  weights. 

That  it  may  sink  in  distilled  water  to  division  10,  we  must  add 
a  weight  upon  the  conical  rod  ft  en  eaM  ^Ae^ur/ace,  equal  torn  grains; 
if  d  represents  the  specific  gravity  of  the  metal,  then  will  m,  di- 
vided by  d,  be  the  volume  beneath  the  surface.  So  that  division 
10  will  correspond  to  the  volume  and  equation, 

m 
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tlia  density  of  water  being  unity.     Hence  we  obtain 

d 

m^(v'—p) ....     (21).. 

d  — 1 

And  the  two  fundamental  conditions,  that  it  should  sink  in  abso* 
lute  alcohol  to  zero,  and  with  an  additional  immersed  weight  m  to 
diTision  10  in  distilled  water,  by  equations  (20)  and  (21),  are  ful- 
filled. 

If  the  hydrometer  sinks  to  its  zero  point  in  a  liquid  of  which  the 
density  is  denoted  by  6-^  and,  when  loaded  with  one  of  its  weights 
9,  then  will 


jp  +  9 


=  ^{^  +  j) (22). 


And  that  it  may  sink  in  the  same  liquid  to  division  10,  we  substi- 
tute a  different  weight  <^'  which  is  lighter;  and 


by  elimination, 


p  +  ^'^i(v'+j)i 


tr'  +  — 

p  +t  ♦  ' 

V  +  — 
d 


bence 


and  putting 

*  =  «(«-f) (23) 

we  get 

^'=^(l_n)-nii     ....     (24).' 

When,  therefore,  the  hydrometer  is  loaded  with  the  weight  ^,  and 
sinks  to  zero,  it  will  sink  only  to  division  10**,  if  the  weight  ♦'  be 
sabstituted  in  its  place* 

'  72.  Suppose  that  we  make^=:»tthe  weight  which  causes  the 
hydrometer  to  sink  to  division  10;  then  will  the  indication  be  read 
off  as  100^,  since  m=90. 

Then,  in  a   less  dense  liquid,  in  which  the  weight  90  causes  tke 
hydfomoier  to  sink  to  zero,  the  indicatiaA  will  be  90;  if  ^e  re« 
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place  this  weight  "^  by  another  ^',  which  shall  sink  it  only  to  divi- 
sion  10,  we  shall  have  ^'=80;  and  if  we  substitute  ^' for  t,  we 
may,  in  a  similar  manner,  obtain  <p''=70;  and  so  on.  Thus  we 
shall  obtain,  successively,  each  of  the  weights,  from  90  down- 
wards to  10,  of  the  series  which  constitutes  the  scale  of  the  hydro- 
meter. 

As  the  weights  ate  of  copper,  the  specific  gravity  of  which    is 
8.396,  we  shall  have 


m  =  1.1352  (v'—jp) 
k 


n  = 


v—on9p 


(25). 
(46.) 


From  equation  (22)  we  obtain 


p  + 


V  +  0.119i^ 


which  gives  the  specific  gravity  of  the  liquid  in  which  the  weight  9 
sinks  the  hydrometer  to  zero. 

M.  Francceuf  found  a  hydrometer  of  Sikes  to  weigh  p=s29.65 
grammes,  and  that  the  volumes  immersed  corresponding  to  0^  and 
10**  were  respectively  v  =36.26  and  «>'  =  35.62  cubic  centimetres; 
hence  k  =  v  —  v'=b0.73  cubic  centim.  The  weight  requisite  to  sink 
the  instrument  to  10*  in  water  was  therefore  m==  6.663  grammes; 
and  n  =  0.0223  and  l—n  =  0.9777.  From  which  data  M.  Francceur 
constructed  the  following  table: 


i 

Additiynal 

Specific 

'.• 

Additional 

Specific 

i 

weight,  in 
grammes. 

gravitj  of 
spirit. 

weight,  in 
grammes. 

gravity  of 
spint. 

Q 

m. 

i. 

P 

m. 

^. 

90 

6.663 

6.9804 

40 

2.793 

0.8869 

80 

5.856 

0.9608 

30 

2.073 

0.8692 

70 

5.064 

0.9420 

20 

1.867 

0.8618 

60 

4.290 

0.9233 

10 

0.675 

0.8347 

50 

3.533 

0.9049 

0 

6.000 

0.8179 

73.  I  would  here  remark,  that,  according  to  M.  Francoeur,  the 
hydrometer  of  Sikes  is  no  other  than  that  which  had  been  long  ia 
use  in  Montpelier,  and  which  was  invented  by  Dr.  Bories,  who 
based  it  upon  accurate  experiments  of  his  own.  Mr.  Sikes  pro- 
fesses to  have  calculated  his  tables  from  the  data  furnished  by 
Messrs.  Gilpin  and  Blagden.  The  hydrometer  of  Sikes  too  closely 
resembles  that  of  Mr.  Atkins  and  others  which  preceded  it.  to  ren- 
der it  prpbable  that  be  wereiy  copied  aftes  Dr,  fioiies;  such;  how* 
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crer  nay  possibly  have  been  the  fact.  For  a  description  of  Bo- 
ries's  hydrometer,  M.  Francoeur  refers  to  the  Bulletin  de  la  SocUtS 
d^ Encouragement^  &e.  ann^  1806,  p.  185.  In  a  subsequent  section 
of  this  report  wil)  be  found  experixpents  of  cbinparison  and  rerifi* 
cation  for  Sikes's  hydrometer. 

74.  According  to  Dr.  Ure*  the  Lords  of  the  Treasury  recently 
requested  the  Royal  Society  to  examine  the  construction  of  Sikes'is 
bydrometeri  and  its  fitness  for  its  purpose.  Qf  the  action  of  the 
Society  upon  this  application  I  have  been  unable  to  find  any  ac* 
eount,  either  in  its  Transactions  or  Bulletins  of  proceedings.  Dr. 
Ure  states,  howeyer,  that  a  committee  was  appointed^  who  recom- 
mended a  different  system,  and  the  use  of  a  hydrometer  reading 
specific  gravities.  Mr.  Bate,  the  hydrometer  maker  for  the  reve- 
nue, brought  forward  a  new  instrument,  a  peculiarity  of  which  isi 
that  the  additional  weights  differ  successively  in  volume  by  a  quan- 
tity equal  to  the  portion  of  the  stem  which  forms  the  graduated 
scale;  this  would  add  greatly  to  the  trouble  an(j[  difficulty  of  manu- 
facture, and  consequently  to  the  cost.  Mr.  Lubbock  seems  to  have 
been  intrusted  with  these  investigations,  and  the'  report  of  the  com- 
mittee, to  which  Dr.  Ure  furnishes  no.  reference,  is,  I  have  reason 
to  believe,  contained  in  the  Parliamentary  papers.  The  well  es- 
tablished and  high  reputation  of  Mr.  ]Liubbock  entitles  any  thing 
coming  from  his  pen  to  careful  consideration;  therefore,  and  be- 
cause no  change  has  yet  been  made,  as  far  as  I  hieiv^  been  able  to 
learn,  in  the  system  of  Great  Britain  with  relation  to  these  matters, 
I  shall  defer  ail  further  remarks  until  I  shall  have  succeeded  in 
obtaining  the  report  made  by  the  committee  of  the  Royal  Society 
upon  this  subject. 

Omitting  all  notice  of  other  and  comparatively  qnimportaift 
English  hydrometers,  which  are  not  few  in  number,  I  pass  to  the 
discussion  of  those  employed  in  other  countries. 

Hydrometers  of  Prussia.  « 

75.  Centesimal  alcoholometer  of  Traltes. — This  instrument  may 
be  regarded  as  the  same  as  that  of  M.  Gay  Lussac,  from  which  it  dif- 
fers very  slightly;  the  specific  gravity  of  water  is  taken  by  Tralles 
as  unity  at  the  temperature  of  its  maximum  density,  so  that  it  be- 
comes 0.9991  at  60*^  Fahrenheit.  Gay  Lussac  assumes  it  to  be  unity 
at  the  temperature  of  15^  centigrade.  Again^  M.  Gey  Lussac  de- 
fines absolute  alcohol  as  that  which  possesses  the  specific  gravity  of 
0.7947  at  the  normal  temperature,  15°  centig.;  while  Tralles  as- 
signs to  it  the  specific  gravity  of  0.'7939  at  6(r  Fahrenheit.  These 
temperatures  differ  by  one  degree  Fahrenheit,  which  Would  cause 
a  variation  in  specific  gravity  of  0.0005  only;  to  be  added  to  that 
given  by  Tralles,  which  becomes  0.7944.  The  difference  0.0003  is 
sufficiently  accounted  for  by  the  different  units  selected,  and  by 


'See  Ure*8  Bictionairy  of  Arts  and  lilaoufaeltireS;  article  Alcoho);  page  20;  London  edition. 
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Lis^cupoa  experiments  of  his  own  which  he  hfts  not  made  pubhc 
Snablfs  ffiven  by  M.  Gay  Lu&sac  in  the  httle  book  to  which  I 
J^^e  rlrre'd  arc  fir  more  Lmplete  than  those  of  Trailed,  or  *ny 
lu    «  ^^fonfr      Thpse  tables  are  also  contained  in  full,  as  weif  as 
rtS:    ot  Mles>   he  En^^^^  of  Messrs    Booth  and  Boy* 

trAlcoholometrv,)  and  tLy  well  deserve  the  praise  bestowed 
«»^nn  tKpm  bv  Dr.  Ure  in  the  remarks-.f 

'*^«l  con^ideVthe  preceding  table,  which  I  hav,  ejtraj^ed  from 
the  longer  tables  ofU.  Gay  Lussac,  an  important  addition  to  thfe 
resourcls  of  British  dealers  and  manufacturing  chemists.  With  his 
HttleTnstrument,  the  real  value  t>f  any  spirituous  hqnor  may  be  de- 
{ermiaed  to  sufficient  nicety  for  most  purposes,  and  by  a  far  easier 
manner  than  by  any  instruments  now  used  in  this  country." 

Tralles  has  eiven  full  instructioiis  for  the  construction  of  his 
centei  alcoC^eter;  these  are  not  published  for  the  mstra- 
ment  of  Gay  Lussac,  the  hianufadture  of  which  sterns  to  be  secured 
bvpatenVVo  MM.  Gay  Lussac  and  Colardeau.  M  CoUardeau,  a 
p^lof  the  Polytechnic  school,  was  the  assistant' of  M.  Gay  Lus- 
sac  in  his  labors. 

76  iltcAier'*  ^/fcoAo/o«e<er.— The  instrument  which  lias  borne 
this  'name  is  simply  a  hydrometer  of  the  ordinary  construc- 
tioLerkduated^o  that  its  degrees  shall  indicate  the  per  cent,  of 
Xoht\U%tight,  contained  in  a  spmtuous  liquor.  It  is  inferior 
ii  convenience  and  utility  to  thai  of  Tralles,  which  gives  percent 
•  by  vouZ,  because  liquors  are  bought  and  sold  by  measure  instead    . 

"^S  h*ydrometer  has  been  tonstructed  of  several  kinds,  based 
upon  different  datajj  the  first  was  founded  upon  Richter's  earlier 
Mseatches,  and  showed  the  per  cent,  of  a  cohol  of  the  specific 
iravi  7^821;  the  second  upon  Low itz's  tables,  making  the  specific 
Iravfty  of  abolute  alcohol  0.791  at  16«  R"umur;  and  the  third 
fpon  Jichters's.later  determinations,  giving  0.792  for  the  specific 
oravitv  of  absolute  alcohol.  ,       »         .  -• 

*^  Schter  also  founded  his  hydrometer  upon  but  five  observations 
interpolated  arbitrarily,  and  made  only  at  the  sing  e  temperature 
«f  16»  Rcatimur.  As  he  retained  this  basis  even  in  later  construc- 
tions, it  is  strange  that  his  instrument  gave  determinations  so  ap- 
proximate to  truth. 

™,^  TaMnX  den^ebraucb  undTe  Ve.lertig«ng  der  Alkoholometw,  vom  Prof.  Tralle., 
S«r«  d  maVb. Wm  d.  Akad.  d.  WiMeiu»b.  au  Berlia.    1»  Annalen  der  Pbysik,  Ton  L. 

^t^  D^Urrt'Cito'nii^  of  Arf;  »id  M«.«f«..«re.,  U^  M&>».  P-  »,  «•  AtoAol. 
t  8m  VJwmet'n  Ariometrie,  Wiea,  1838,  p.  1 «». 
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77.  The  hydrometer  now  constructed  and  known  in  Prussia  bj 
the  name  of  Richter'^s  alkoholomef^r^  Is  a  very  diflFerent  instrument, 
based  upon  the  labors  of  Trallesand  obserrations  of  Messrs.  Gilpin 
and  Blagden,*  which  possess  all  requisite  exactness. 

78.  ^Ikoholometer  of  L<noUz. — According  to  Meissner,  although 
Lowitz  neyer  gave  his  attention  to  the  subject  of  constructing  a 
hydrometer,  yet  many  instruments  were  founded  upon  his  tables^ 
published  in  CrelPs  Annalen.  Ricbter  set  the  example,  and  many 
artists  followed  it,  in  Russia,  Poland,  and  Oermany;  so  that  hy- 
drometers, founded  upon  Lowitz's  determinations,  became  com- 
mon, and   most    of    them'  bore   the   name    ^^Alkoholometer   nach 

79.  Universal  areometer  of  Richter — {allgemeines  ArctomeCer,)^^ 
This  instrument  was  intended  to  read  specific  gravities;  but  Richte^r 
fell  into  the  error  of  supposing  that  a  scalp  graduated' into  equal 
parts  would  give  equal  yaiiatlons  of  specific  gravity.  We  have 
seen  that,  for  this  purpose,  the  divisions  should  vary  with  the 
ordinates  of  a  hyperbola  referred  to  its  asymptotes.  Poggendorf 
states  that  the  inaccuracy  and  inconvenience  of  this  instrument 
have  caused  it  to  pass  entirely  out  of  use. 

80.  Schmidt^  s  At  Aomef^.-'^Thh  is  a  hydrometer  so 'constructed 
as  to  read  specific  gravities  with  aeGwacyf  the  geemetrieal  coa- 
tftraction  for  whieh  is  described  in  (Oreo's  N.  Journal  d.  Physik, 
1796,)  and  also  by  Poggendorff,  in  his  excellent  article  on. jfrdom* 
^irity  iu  ibt^  Handwarierbueh  ier  CAemis.f  The  above  mentioned 
hydrometers  are  made  by  J.  J«  Oreiner,  o(  Berlin,  with  a  degree 
of  skill  whicli  probably  surpasses,  for  suek  iastrumeiKts,  that  t^ 
any  other  artist  in  Europe.  • 

In  Austria. 

r  81.  Meis$ner^$  Alkoholomeier. — An  instrument  consisting  of  a 
combination  of  the  scale  of  p$r  cent,  by  volume  with  that  for  per 
cent,  by  weight,  and  founded  upon  independent  experiments  and 
determinations  by  its  author,  has  long  been  ia  use  as  the  hy- 
drometer of  the  government  of  Austria.  This  instrument,  bearing 
two  graduated  scales.,  may  therefore  be  considered  as  a  union  of 
Richter's  scale  with  that  of  Tralies.  As  the  data  differ  upon^which 
the  centesimal  alcoholometers  of  Tralies,  Gay  Lussac,  Meissner^ 
and  Richter,  are  founded,  the  indications  will  not  correspond  ex,- 
aetly.  (Table  VI  of  the  appendix  will  serve  to  show  their  differ- 
ences.) 

82.  Universal  Areometer  of  Meissner — {atlgemeines  Ar&oiheter.) 
— ^This  hydrometer  reads  specific  gravities    from  0.700    to  2.000. 

*HMdw5rt«rbach  der  Ckemio,  van  Liebig,  PoggAodorff,  and  W5Uor.   (pp.  264  and 
474.)    Braunschweig,  1842. 
t  Ar&oBetrie,  p.  180,  §  826. 
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The  divisions  of  its  scale  are  unequal  in  Tolumei  and-  the  instru- 
ment is  therefore  liable  to  alt  the  objections  already  urged  witk 
reference  to  hydrometers  graduated  to  indicate  specific  grarities. 
To  ^hat  extent  it  may  be  in  use,  I  have  no  means  of  ascertaining;, 
it  is  described  in  Mtissner^s  ^rdometrie^  already  referred  to;  a 
work  regarded  in  Germany  as  high  authority  upon  the  subject  of 
which  it  treats,  and  a  copy  of  which  my  friend;  Professor  J.  C, 
Bootby  has  kin-dly  placed  at  my  service* 

83.  Professor  Meissner  has  a]do  described,  in  his  valuable  trea- 
tise, several  special  hydrometers^  {besandere  JirdameteTf)  so  con- 
structed as  to  show  the  quantity  of  the  substance  which  imparts 
Talue  to  the  liquid.  One  of  these  {Schwefelsduremesser)  is  intended 
for  sulphuric  acid;  others,  analogous  to  it,  are  adapted  to  nitric 
acid  and  hydrochloric  acid;  another  is  applicable  fo  ammonia* 
And  he  has  constructed  tables  which  give  the  specific  gravities  cor- 
responding to  every  five  per  cent,  from  zero  to  one  hundred. 

The  Holland  hydromeUr. 

84.  The  medical  faculty  of  Amsterdam  adopted  a  modification 
of  Beaum^'s  hydrometers,  which  has  since  ^een  known  as  the  Hol- 
land hydrometer,  (das  hollctndisthe  Ardomtter^)  or  hydrometer  of 
the  phdrmucopta  hutava^  1805.  Beaum^,  as  we  have  seen,  em- 
ployed solutions  of  common  salt  for  his  hydrometer  for  spirits, 
{pise- esprit y)  and  16  per  cent,  for  his  hydrometer  for  liquids 
heavier  than  water,  {pSse-atid^.)  Water,'  which  corresponds  to  lO- 
of  the  ji^^€'e*pri^,  marks  the  zero  point  of  the  pise-ncide.  The 
Holland  hydromettr  has  the  specific  gravity  of  water  1.000  at  10^ 
Reaumur,  (^4^°  Fahrenheit,)  for  the  density  corresponding  to  its 
zero  point.  The  10th  degree  of  its  scale  is  determined  by  a  solu- 
tion containing  10  per  cent,  of  its  weight  of  common  salt;  and  the 
degrees  are  all  equal,  both  above  and  below  zero. 

In  Switzerland. 

85.  The  hydrometer  of  Beck^  ah  instrument  maker  of  Bern,  has 
hecome  very  generally  known.  It  is  sometimes  called  Benttly^s- 
hydrometer;  and  is  merely  a  modification  of  Beaum^^Sy  proposed 
by  Bentely,  having  the  density  of  water  at  10®  Reaumur  for  that 
of  its  zero  point,  while  its  90th  degree  is  determined  by  a  liquid 
of  the  specific  gravity  of  0  850.  This  instrument  is  therefore  free 
from  the  errors  which  are  produced  in  the  graduation  of  Beaumi's 
hydrometer  by  the  use  of  the  method  of  repetition  of  units  to 
extend  the  scale,  instead  of  that  of  subdivision  of  a  multiple.  The 
divisions  of  its  scale  are  also  equal,  whether  positive   or  negative* 

Hydrometers  of  America. 

86.  Hydrometer  made  by  Tucker  tf  Dwelle^  of  Boston.-^This  in- 
strument is  accompanied  by  a  thermometer  and  sliding  rule.    That 
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'vhich  has  been  submitted  by  the  Treasury  Department  is  marked 
No.  81.  It  is  of  silver;  this'  is  deemed,  by  the  makers  a  great  ad- 
Tantage;  for  the  assigned  reason,  that  it  is  less  liable  to  corrode 
than  copper.  This  hydrometer  is  accompanied  by  ten  additional 
ureights,  which,  in  form  and  in  the  manner  of  their  application 
upon  a  conical  rod  connecting  the  bulb  and  counterpoise,  are  iden- 
tical with  the  construction  of  Sikes's  hydrometer.  Although  the 
scale  of  this  hydrometer  reads  from  zero  to  100  instead  of  from  100 
to  zero,  as  in'Sikes's,  and  althaugh  the  sliding  rule  professes  to  be 
adapted  to  the  American  system  of  proofs,  it  still  seems  to  me  that 
this  is  no  other  than  Sikes^s  hydrometer  ,under  a  new  name,  and 
in  a  dress  of  the  American  fashion. 

87.  SoxtthwortVs  hydrometer, — This  instrument  is  established 
by  law  of  the  State  of  New  York  as  the  standard  for  that  State. 
Apart  from  the  question  of  accuracy  of  cons.truction,  it  possesses 
merit;  for  the  divisions  of  the  scale  indicate  per  cent,  above  or 
below  proof  directly,  and  without  recourse  to  any  sliding  rule  or 
set  of  tables.  The  proof  mark  is  thus  the  zero  point  of  graduation. 
This  arrangement  appears  to  be  much  simpler  than  any  other  which 
has  been  Drought  forward  to  determine  the  strength  relating  to 
proof  spirit;  and  it  deserves  consideration,  if  the  present  System 
of  proofs  be  contipued.  But  in  simplicity  no  instrument  compares 
with  the  centesimal  alcoholometer  of  Tralles  and  Gay  Lussac. 
The  workmanship  of  the  instrument  belonging  to  the  Treasury 
Department  appears  to  be  very  rough,  and  its  graduation  inaccu- 
rately performed.  I  regret  that  it  was  not  in  my  possession  when 
I  performed  the  experiments  of  comparison  given  in  a  subsequent 
part  of  this  report.  But  I  doubt  very  much  its  accuracy;  and  the 
rule  given  by  Mr.  Southworth  of  correction  for  temperature  appears 
to  be  no  other  than  that  of  M.  PranccBur  for  the  alcoholometer  of 
M.  Gay  Lnssac,  with  this  great  oversight,  if  it  be  so,  that  dep;rees 
Fahrenheit  are  substituted  in  place  of  degrees  centigrade,  without 
reduction.  But  I  dismiss  the  expression  of  surmise,  and  defer  all 
further  remarks  upon  this  instrument  until  experiments  with  it  sh^ll 
have  put  me  in  possession  of  all  necessary  facts. 

88.  Dycas^s  hydrometer. — The  theory  of  this  hydrometer  has 
been  already  partially  set  forth  in  my  general  discussion  of  the 
theory  of  hydrometers;  and  particularly  in  articles  40,  45,  46,  and 
54.  The  instrument  before  me,  made  by  Fisher,  of  Philadelphia, 
Ko.  342,  belongs  to  the  Treasury  Department,  and  is  similar  to 
those  now  in  use  in  the  revenue  of  the  United  States.  It  is  copied 
strictly  after  one  made  by  the  late  Mr.  Dycas  of  Liverpool,  which 
is  used  by  Mr.  Fisher  as  a  standard. 

The  bulb  is  an  oval  gilded  copper  or  brass  ball  about  one  inch 
and  a  half  in  diameter;  to  this  ball  is  fixed  a  slender  stem,  gradu* 
ated  in  equal  divisions  of  a  single  scale,  and  terminating  in  a  point 
which  fits  the  boles  at  the  centres  of  the  different  weights;,  by  that 
means  they  are  attached  when  the  hydrometer  is  in  use.  Below  the 
bulb^  a  counterpoise  is  fastened  to  the  end  of  a  rod  in  the  ordinary 
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manner.  The  whole  iDfitrument  is  about  Seyen  inches  long,  and  it  is 
accompanied  by  thirty-six  circular  perforated  weights,  marked  0  to^ 
350,  which  is  the  lightest.  At  the  top  of  the  stem  is  stamped  the 
number  360,  which  corresponds  to  the  instrument  without  weights, 
and  enables  the  scale  to  be  extended  to  370.  In  the  same  box  with 
the  hydrometer  are  also  a  Fahrenheit  thermometer,  and  an  ivory 
sliding  rule. 

The  instrument  has  therefore  a  series  of  370  indications;  but  as 
the  moduli  vary  with  the  weights,  the  degrees  wiU  not  belong  taa 
single  system,  and  the  scale  may  be  in  feet  regarded  as  acorn binatioa 
of  thirty-seven  different  scales.  .  The  hydrometer  indications  are 
marked  upon  the  slide,  or  middle. portion  of  the  sliding  rule,  from^ 
0  to  370,  water  being  zero;  and  the  corresponding  strengths  above* 
and  below  Dycas's  proof  spirit  are  marked  upon  the  margin,  or 
fixed  part  of  the  rule,  opposite  to  the  indications.  To  adapt  this 
instrument  to  different  temperatures, as  shown  by  the  accompanying 
thermometer,  the  left  hand  part  of  the  slides  has  upon  its  side  ^ 
graduated  scale  fropa  30^  to  80^  Fahrenheit.  And  when  the  index 
upon  the  margin  is  placed  opposite  the  temperature,  observed,  then 
will  the  indication  observed  correspoad  to  the  particular  strength 
of  the  liquor  examined. 

89.  To  obtain  a  formula  by  which  to  calculate  the  values  of  the 
successive  weights  of  Dycas's  hydrometer,  we  must  pursue  a  train: 
of  reasoning  somewhat  analogous  to  that  of  M.  Francceur  for 
Sikes's  hydrpmeter,  developed  in  article  71.  Having  first  weighed 
the  instrument  itself  we  ascei^tain  the  respective  volumes  displaced 
when  it  sinks  in  water  at  40^  Fahrenheit  to  its  zero  point  and  to 
division  10  of  the  stem,  by  adding  known  weights  and  calculating 
the  volumes  therefrpm.  Call  thes^  volumes  v  and  v';  then  will 
v'  —  V  l>e  the  volume  of  the  graduated  portion  of  the  stem,  and  we 
will  represent  it  by  &. 

Dejiote  the  weight  of  the  hydrometer  alone  by  p,  and  suppose 
that^when  loaded  with  the  additiqnal  weight  w  it  sinks  to  zero^ 
then  if  we  add  a  seconti  weight  which  shall  be  equal  to  kdy  the 
hydrometer  will  sink  to  division  10  of  the  scale,  d  being  the  density 
of  the  liquid.     Hence, 

id'  5S5  tu  +  A:  d  ; 

'        For'  the  density  d  we  have 

p  +  w 
^     <*=- (28); 

V 

and,  therefore, 

to'  =  v){l  +  n)+pn       -     ^     -     .     (29); 

making  k^  divided  by  t>,  equal  to  n. 

The  difference  of  the  specific  gravities  of  the  liquids  in  which 
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tie  Mine  weight  to  caasea  the  hydrometer  to  iiok  to  zero  itf*  the 
ene  and  to  division  10  in  the  oiher,  will  be 

d_i'  =  (;.  +  «)(?:^j^(p+«,)^    .     (30)5 

we  shall  have 

1 

(f  —  d"  =s  (w  —  ti^')  ~    .    .    -    -     (31), 

for  the  relation  between  any  two  specific  gravities  and  the  weights 
which  caii9e  the  corresponding  indications  to  be  each  equal,  to  zero. 
I  have  now  described  nearly  all  the  important  hydrometers  in 
general  use.  There  are  others,  such  as  Allen^s,  Bate's,  Richard- 
son's, Dycas's,  illnd  Southworth's  saccharometers  for  brewers,  and 
Twaddlers  hydrometer  for  fluids  heavier  than  water,  which  may 
hereafter  he  discasaed.  Slut,  for  the  present,  omitting  to  do  any 
thing  more  than  mention  their  names,  and  reserving  all  further  re- 
marks upon  Dycas's  hydrometer,  as  well  as  a  ipore  particular  ac- 
count of  the  ivory  sliding  rule  which  accompanies  it,  for  the  se* 
quel,  I  pass  to  the  next  division  of  my  report. 

On  the  temperature  of  the  maximum  density  nf  water, 

90.  The  practical  importance  of  determining  the  temperatui'e  at 
which  water  attains  its  maximum  density,  and  the  law  of  its  dila- 
tation for  variations  of  heat  near  that  temperature,  is  apparent, 
from  the  reasons  already  given  why  it  should  be  employed  to  fix 
the  modulus  or  zero  point  of  hydrometers.  But  as  this  tempera- 
ture is  also  adopted  by  governments,  and  our  own  among  the  nuBi- 
ber,  #or  the  establishment  of  accurate  weights  and  measures,  it 
becomes  of  the  highest  interest  and  necessity,  apart  from  mere 
scientific  considerations,  to  ascertain  it  with  all  possible  refinement^ 
both  of  experiment  and  calculation. 

So  many  distinguished  scientific  men  have  devoted  their  atten- 
tion to  this  subject,  and  tasked  their  ingenuity  to  discover  methods 
of  refined  observation,  that  it  seems  scarcely  practicable  in  the 
present  state  of  experimental  science,  and  of  our  knowledge  of 
the  laws  of  heat,  to  invent  methods  or  apparatus  more  exact  thaik 
those  which  have  been  already  employed.  Yet,  as  the  philosophi- 
cal instrument  makers  of  our  day  accomplish  almost  miracles  in* 
perfection  of  workmanship,  and  the  im^possibilities  o{  one  genera-, 
tion  become  the  every  day  performances  of  the  next,  it  is  unphilo- 
sopfaical  to  prescribe  limits  to  ouf  progress  either  in  art  or  science. 
The  precise  determination  of  the  temperature  of  maximum  den- 
sity is  beset  with  difSculties  which  depend  upon  the  very  citonm- 
stance  which  gives  to  that  temperature  its  great  advantage  and 
conTenience  in  practical  applications.  On  either  side  of  the  max- 
imum ^  a  very  considerable  difference  of  temperature  scarcely  pro- 
duces a  sensible  variation  of  density  or  volume.     Hence  the  pro* 
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blem  becomes  that  of  determining  a  constant  by  the  measurements 
of.  almost  inappreciable'  magnitudes.  The  density  is  6tati<^al  and 
the  temperature  dynamical|  a  combination  the  most  advantageous 
for  measurements  of  the  density,  but  the  most  disadvantageous  for 
determining  a  particular  temperature  as  a  function  of  the  density. 

It  is  not  therefore  surprising  to  find  variations  of  even  one  or 
two  degrees  in  the  experiments  which  have  been  made  with  more 
or  less  care,  and  by  different  individuals. 

And  when  we  bear  in  mind  that  thermome.ters  made  by  the  same 
person  usually  give  discordant  results,  and  that  even  the  same  ther- 
mometer suffers  in  use,  displacement  and  oscillations  of  its  zero 
point)  amounting  often  to  a  degree  or  more,  we  will  rather  find 
cause  of  wonder  in  the  approximative  accord^^fCe  of  the  determi- 
nations,  than  in  their  want  of  perfect  agreement,  which  serves 
only  to  establirh  the  honesty  of  the  witnesses  who  testify. 
'  The  following  table,  obtained  chiefly  from  determinations  com- 
piled by  Hallstrom,*  comprises  nearly  all  that  hav«  been  made: 


Observer. 

Calculator. 

T. 

Diff. 

1  Observer. 

[ 

Calcttlittor. 

T. 

Diff. 

Delnc.... 

Biot 

3.42 

—  0.58 

! 
Hope 

Hope 

3.33 

—  0.67 

Do 

Ekstrand  ... 

3.60 

—  0.40 

Do 

io 

8.88 

—0.11 

Do 

Paucker. . . . 

1.76 

—  2.24 

Do 

do 

4.16 

-0.16 

Do..... 

Hollstrom.. . 

1.76 

—  2.24 

Tralles . . 
Hassler.. 

Tralles..... 
Hassler 

4.35 
4.35 

-0.35 
-0.36 

Dahon.... 

Dalton.« . .. . 

2.22 

—  1.78 

Do 

,  do 

4.11 

-o.n 

Do 

Biot 

4.35 

+  0.35 

Hilllstroin 

HaUstrom . . 

4.34 

-f  0.34 

Gilpin  ... 

Yonng 

3.89 

-O.Il 

Do 

do 

3.87 

—  0.13 

Do 

Biot 

ZM 

—  O.U 

i     Do 

1     Do 

do 

4.165 

+  0.16 

Do 

Eytelwein . . 
Walbeck... 

2.59 

-^1.41 

do 

3.897 

—  0.103 

Do 

6.44 

? 

Mancke. . 

Muncke 

3.6 

*-0.5 

Do 

Halistrom... 

3.82 

-^0.18 

Do 

do 

3.78 

^0.22 

Schmidt.. 

Eytelwda . . 
Hallstrom.. 

2.91 

-r-  1.09 

Do 

Hallstrom . . 

3.94 

—  0.06 

Do 

8.63 

? 

Do..... 

do, 

3.82 

—  0.18 

Charles . . 

Biot 

3.99 

—  O.OI 

Do 

do 

4.13 

+e.i3 

Do 

Paucker 

3.88 

—  0.12 

1     Do 

do 

3.81 

—  0.19 

L.Gineau. 

L .  Gineaa  • . 

4.44 

--0.44 

j  Stampfer. 

do 

3.93 

—  0.07 

Bischoff. . 

Bischoff.... 

4.06 

--  0.06 

Do..... 

do 

3.63 

—  0,37 

Ekstrand . 

Eknrand.... 

3.60 

—  0.40 

Despretz . 

Despretz.... 

4.00 

— e.oo 

Do..... 

do 

3.90 

—  0.10 

Do,.... 

do 

3.987 

—  0.013 

Rnmfofd.. 

Ramford  ... 

4.38 

+  0.38 

Do 

do 

4.007 

+  0.007 
+  0.02 

Do 

do 

8.47 

—  0.53 

Rudberg.. 

Rudberg. . . . 

4.02 

The  temperatures  are  given  in  degrees  centigrade;  and  the  co- 
lumn marked  Biff,  is  obtained  by  taking  the  differences  between 
each  observation  and  4^  centigrade,  which  may  be  considered  the 
mean  of  the  more  probable  observations. 

91.  The  remark  contained  in  the  last  article  concerning  the  va- 
riation of  the  «ero  point  of  thermometers,  is  based  upon  the  fol- 
lowing facts:  MM-  Arago  and  Gay  Lussac  observed  (in  1817) 
that  the  zero  of  the  thermometer  in  the  cellar  of  the  observatory 
♦f  Paris  had  risen  0.38.     This  want  of  constancy  various  observers 


*See  Ann.  de  Chim..de  ¥bj9,  t.  28.  p.  56. 
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bare  sioce  verified;  and  M.  Despretz^  who  has  devoted  partioular 
attention  to  the  subject,  has  shown  that  the  variation,  though  as- 
cending for  sevtral  years,  suffers  oscillations;  and  that,  contrary 
to  the  general  opinion,  the  zero,  when  it  has  attained  its  maximum 
elevation,  and  even  after  many  years,  still  continues  to  oscillate 
about  a  mean  point. *^ 

From  bis  valuable  memoirs,  I  have  extracted  dbe  following  re* 
salts,  and  arranged  them  in  tabular  form: 


TUnBometer. 

No.  1. 

No.  2. 

Thermometer. 

No.  3. 

No.  4. 

No.  5. 

Date. 

Zero. 

Zero. 

Date. 

Zera, 

Zero. 

Zero. 

Aug.  30,  1832 

O^.C. 

O^C. 

Nov.    9,  1882 

0<>.  C. 

O^'.C. 

0<>.C. 

Svpt.     3,1882 

0.11 

0.03 

After  boilmf?.. . 

-0.81 

—0.36 

—  0.06 

Sept.    b,  1832 

0.14 

0.06 

Nov.   11,  1832 

-0.{W) 

—0.13 

0.18 

Oct.      6,  1832 

0.19 

0.13 

Nov.  ,21,  1832 

— e.04 

—0.10 

0.19 

Nor.     8,  1832 

0.20 

0.18 

Dec;     ly  1832 

0. 

—0.03 

0.25 

Dec.     3,  1832 

0.22 

0.20 

April    7,1833 

0.08 

0.13 

0.36 

Jan.      5,  1833 

0.22 

0.20- 

April    4,  1834 

0.08 

0.03 

0.40 

April    7,  1833 

0.29 

0.22 

July    26,  1834 

0.08 

O.lO 

0.42 

April    8,1834 

0.37 

0.38 

April  17,  1^35 

0.27 

0.21 

0.46 

April  20,  1834 

0.35 

0.31 

Oct.     2,  1836 

0.24 

0.24 

0.64 

April  17,  1836 

0.37 

0.35 

Sept.    4^  1836 

0.30 

0.24 

J^roken. 

Oct.     2,  1835 

0.42 

0.39 

Dec.     5,  1836 

0. 

--0.07 

Oct.    29,  1835 

0.42 

,0.42 

Deo.     5,1836 

M).06 

—0.12 

After  boil- 

S«pt.  21.  1836 
Feb.     5, 1837 

0.42 

0.42 

log* 

0.46 

0.45 

Jan.     4,  1837 

0.08 

—0.10 

Feb.     9, 1837 

0.47 

0.46 

Jan.    22,  1837 

0.20 

0.10 

Before  boil. 

Feb.   21,1837 

0.46 

0.45 

IDff. 

June     4,1837 

0.44 

0.46 

Jan.   22,1837 

0.12 

—0.13 

After  boil. 

JoDC  rS,  1837 

0.42 

0.42 

ing. 

The  sensibility  of  the  thermometers  was  such,  that  they  could 
be  read  to  the  hundredths  of  degrees  with  accuracy.  The  total 
variation  of  No.  1  wa^  0<*47,  and  of  No.  2  it  was  0*'.45;  it  was 
ascending  from  August,  1832,  to  February,  1837,  a  period  of  four 
years  and  fire  months.  In  the  same  interval,  two  other  thermom- 
eters (No.  6  and  No.  7)  varied  respectively  0''.23  and  O^.SOj  whil(j 
another  (No.  8)  varied  between  23d  November,  1832,  and  20rh 
March,  1837,  to  the  extent  of  0^^.57. 

These  thermometers  were  made  in  1832,  atid  served  for  experi- 
ments during  the  interval,  which  is  the  cause  why  the  variation 
^as  sometimes  even  retrogade.  M.  Despretz  considers  it  estab- 
lished by  his  observations,  of  which  he  professes  to  have  madift 
many  which  are  not  yet  published,  that  the  zero  points  of  thermo- 
meters are  sensibly  affect^ed  by  the  atmospheric  variations,  and 
that  Xhey  fall  in  summer  and  rise' in  winter;  while  thermometers 
kept  in  places  where  the  temperature  is  constant  ascend  uniformly, 
without  oscillations,  to  a  maximum  &t  which  they  remain  station- 
ary.    The  preceding  experiments,  and  particularly  those  made  in 


^See  Au.  de  ddm.  d6  Phys^  t.  64,  p.  312,  1827. 
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1836  and  1837,  with  Nos.  3  and  4,  establisli  the  fact,  that  high  de« 
grees  of  heat  cause  the  zero  point  to  fall,  and  that  it  ascends,  ou 
the  contrary,  if  subjected  to  low  temperatares;  also,  that  the  oa- 
cilUtion  may  amount  to  even  a  half  degree  of  the  centigrade  ther- 
niouetsr,  or  a  whole  degree  nearly  of  .Fahrenheit^  It  has  thet^fore 
been  justly  remarked  by  M.  Pouillet,  (Phys.  le  part.  chap.  1,) 
that,  though  ignorant  of  its  cauise,  we  can  hare  no  doubt  of  the 
fact  itself,  and  that  therefore  all  observers  should  Terify  the  grad« 
nations  of  their  thermometers.  It  does  not  appear  that  the  observers 
who  have  undertaken  to  fix  the  temperature  ojf  the  maximum 
debsity  of  water  paid  sufficient  attention  to  the  yerification  of  the 
zero  point,  or  origin  of  measurement;  and  certainly  linear  mea* 
surements  are  but  half  made  when  the  position  of  only  one  of  the 
ends  of  a  line  is  determined.  It  is  on  this  account  that  I  attach 
higher  value  and  attribute  greater  accuracy  to. the  experiments. of 
M.  Despretz  than  to  any  others,  and  that  I  have  chosen  4^  ceati- 
grade,  the  mean  of  his  results,  as  the  most  probable  value.  M. 
Hall&trom,  it  is  true,  has  taken  a  great  deal  of  mathematical  pains 
to  calculate,  by  the  refined  though  laborious  method  of  least 
sq^uares,  the  probable  mean,  of  the  more  accurate  experiments  made 
without  regard  to.  the  variation  of  the  zero  point.  And  his  cal- 
culations have  served  to  shoiwtbat  the  point  of  maximum  density 
lies  somewhere  between  the  limits  of  4^34  and  ,3^.87  centigrade^ 
which  differ  0^47  centigrade,  or  0^85  Fahrenheit;  the  mean  4^.1 
differs  slightly  from  the  determination  of  M.  Despretf:.  Hallstrom 
himself  comes  to  the  conclusion,  from  his  calculations,  that  the 
temperature  of  maximum  density  cannot  be  determined  without 
leaving  upon  its  value  an  uncertainty  of  one^quarter  of  a  degree 
centigrade.  And  by  a  discussion  of  the  probable  errors  he  proves 
that,  for  values  smaller  than  3^.678  centigrade,  or  greater  than 
4^.583  centigrade,  the  probability  is  infinitely  small,  and  that  they 
must  therefore  be  rejectedi'  This  distinguished  philosopher  haa 
clearly  shown  in  his  valuable  memoir^  the  necessity  of  discussifig, 
by  calculations. of  the  greatest  rigor,  experiments  made  to  deter- 
mine a  value  tha^  depends  upon  variations  of  density  which  may 
be  considered  infinitely  small;  but  the  beautiful  method  of  least 
squares  becomes  inexact  when  applied  to  observations,  whose  er* 
rors  are  so  great  that  their  squares  become  large  quantities,  as  well 
as  the  errors  themselves. 

92..  M.  Despretz  performed  his  experiments  in  two  different 
waysrf  one,  the  method  of  Deluc,  by  employing  a  water  thermo* 
meter;  the  other,  a  modification  of  the  method  of  Tralles  and 
Hope,  by  observing  thermometers  placed  at  different  levels  in  the 
same  vessel  of  water,  the  particles  of  which  arrange  themselves  in 
strata  according,  to  their  densities.  To  this  method  the  objection 
has  been  urged,  that  it  depends  upon  motion  to  be  produced  by  the 


*  Ann.  6e  Chim.  et  de  Phys.,  t.  23. 

t  See  Afin.  de  Chia.  At  do  Flija.,  t.  70,  p.  1. 
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mechanical  action  of  forces  too  feeble  near  the  maximum  to  over* 
come  the  resistance  opposed  by  the  cohesion  of  the  particles  of 
"water.  And  this  objection  is  sustained  by  the  discrepancy  of  the 
resqlts;  thai,  Hope  obtained  3^.33,  3^88,  and  4Me;  and  Rumford, 
4^.38  and  3^.47.  Htllstrom  rejects  this  method,  as  rather  calcn* 
lated  to  show  the  existence  of  a  maximum  several  degrees  ^bove 
the  zero  point  than  to  determine  the  precise  degree  with  accuracy* 
He  however  remarks,  that  the  mean  3^ .88  of  the  observations  is 
approximatively  exact;  and  that,  if  a  great  many  observations  be 
made  by  different  persons,  a  probable  compensation  of  their  errors 
would  take  place,  and  a  mean  result  of  considerable  accuracy  would 
be  obtained.  M.  Despretz  endeavors  to  overcome  the  objection 
mentioned,  by  suspending  the  vessel  of  water,  and  causing  a  vi- 
bratory motion  of  its  particles  by  repeated  gentle  tapping  with  a 
stick;  he  thus  obtains  the  mean  result  3.°987;  which,  while  it  serves 
to  confirm  the  determination  4^.000  of  this  first  method,  yejt  does 
nDt,  in  my  opinion,  prove  that  he  has  succeeded  in  doing  away 
entirely  with  the  objection  to  this  hydrostatieal  method  of  Hope 
and  Tralles;  for  his  result  is  btit  the  mean  of  observations  whose 
errors  compensate  each  ather.  This  is  proved  by  the  curves,  which 
otherwise  should  intersect  nearly  or  exactly  in  a  single  point. 

But  it  is  to  the  observations  of  M.  Despretz,  made  according  to 
the  method   of  Deluc,  and  which  he  has  discussed  by  a  very  in- 
genious, graphic  method,  as  well  as  by  means  of  Lagrange's  form- 
ula for  interpolation  by  logarithms,  that  I  would  give  thei  prefer- 
ence over  all  others.     The  method  of  Deluc,  as  it  is  the  simplest,| 
so  also  does  it  appear  to  be  the  most  accurate;  and  the  objections 
of  Hallstrom   are  not,  in   my  opinion,  sufficient  to  show  that  its 
results  are  uncertain.     The  error  of  capillarity  may  be  considered 
a  constant,  which  is  not  a  factor  of  the  variations  of  volume  by 
temperature,  and  which  therefore  disappears  by  differentiatron  from 
the  equation  of  the  maximum  value  of  the  density.     And  this  con- 
stant might  be  rendered  almost  nothing,  and  certainly  inappreciable 
in   the   observations  themselves,  bv  experimenting  with   tubes  of 
greater  diameter  and   proportionally  larger  bulbs.     The   graphic 
method  of  M.  Despretz  consists  in  representing  the  apparent  dila- 
tation of  water  by  a  curve  of  which  the  ordinates  are  the  observa- 
tions and   the  corresponding  temperatures  the  abscissas.     To  this 
curve  he  draws  a  tangent  parallel  to  the  straight  line  which  repre* 
aents  the  dilatation  of  the  glass  of  which  the  thermometer  is  con- 
stracted.     Then  it  is  evident  that  the  abscissa  of  the  point  of  tan- 

frency  will  represent  the  temperature  of  maximum  density.  If  the 
aw  of  the  dilatation  of  water  was  known  and  expressed  by  8 
formula  of  perfect  rigor,  nothing  would  be  easier  than  to  deter- 
mine this  point  of  tangency  with  the  utmost  degree  of  exactness; 
for  it  would  be  merely  requisite  to  make  the  differential  coefficient 
of  the  curve  equal  to  the  coefficient  of  dilatation  of  the  glass,  and 
eliminate  the  corresponding  value  of  x.  In  the  absence  of  such 
knowledge,  M.  Despretz  determines  the  point  by  regarding  the 
curve  as  a  parabola,,  ffom  which  it  does  not  differ  sensibly  for  a 
considerable  extent  on  either  side  of  that  point;  and  he  then  avails 
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himself  of  the  property,  that  a  diameter  bisecting  chords  parallel 
to  a  tangent,  cuts  the  parabola  in  the  point  of  tangencj,  A  mem- 
ber of  the  comniiittee  of  the  Academy,  charged  with  the  examina- 
tion of  the  paper  of  M,  Despretz,  having  informed  him  that  they 
-^ould  have  attached  greater  yalue  to  his  researches  if  they  had 
been  discussed  analyticallj,  he  undertook  to  calculate  them  by 
Lagrange's  formula  of  interpolation 


yx=  X  y  +  X,y,  +  X,  y.  +  X.  y.  +  X,  y,  +  etc. 


(32). 


and  obtained  results  exactly  accordant  with  those  of  his  graphic 
method.**     In  this  formula 


X.: 


(x  • 

-«.)(»■ 

-«.)--• 

.  -  (a: 

-«.) 

(«  ■ 

-  «.)  («  • 

-«.)-. 

-  -  (a 

-«:); 

(at  ■ 

-  a  )  (X  ■ 

-«.)-- 

■  "  (^ 

-«.) 

(«. 

-«)(«. 

-  a.)  .  - 

-  -(«! 

9 

(« 

-«)    (X- 

-a,)--- 

'  -  (a? 

—  «.  -  0 

(fl„  —  «)  (a.  —  «.) (fl,  —  o„  _  i) 


(33). 


The  manner  in  which  M.  Despretz  has  applied  the  method  of 
curves  to  the  results  of  each  of  his  two  methods  of  observation, 
constitutes,  in  my  opinion,  one  of  the  chief  excellencies  of  his 
valuable  memoir.  And  although  the  rigor  of  analysis  entitles  it  to 
the  highest  regard,  an'd  renders  it  indispensable  in  the  determina- 
tion of  the  constants  of  nature,  yet  graphic  methods  possess  pecu- 
liar advantages  in  physical  inquiries,  which  the  symbols  of  analysis 
never  present;  the  one  calls  in  the  aid  of  the  eye  and  the  judg- 
ment, the  other  addresses  itself  to  the  mind,  in  the  language  of 
abstract  relations  of  number. 

As  I  have  presumed  to  dissent  from  the  views  of  the  committee 
of  the  Academy  with  regard  to  the  value  of  graphic  methods,  I 
may  be  permitted  to  cite  high  authority  to  sustain  me.  No  one,  who 
will  take  the  pains  to  read  the  valuable  paper  of  Sir  John  Herschel 
on  the  orbits  of  double  $tarsy\  can  fail  to  admire  the  example  pre- 
sented by  that  memoir  of  the  use  of  graphic  methods.  He,  there 
ehows  that  the  graphic  process  often  determines  mean  results  more 
accurately  than  formulas  of  interpolation;  that  it  eliminates  errors 
from  the  very  observations  themselves,  correcting  particular  dis- 
crepancies by  the  general  law  of  the  whole  mass  of  observations; 
and  that,  to  use  his  own  language^  ^^in  following  the  graphic  pro- 
cess we  have  a  conviction,  almost  approaching  to  moral  certainty^ 
that  we  cannot  be  misled."  There  is  but  one  of  our  analytical 
method^  at  all  analogous  to  this  in  its.  advantages,  that  of  the  least 


*  Sm  Ado.  d«  Chim.  et  de  Phfs.,  t.  78,  p.  396. 
t  See  TraM.  A^tr.  Sec.«  xo)«  ▼,  p*  1. 
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sqaareS)  which  ieptnis  upon  the  principle  that  small  errors  are 
more  probable  thao  }aTge  ones;  and,  therefore^  that,  in  the  most 
probable  obserrations,  the  errors  do  not  compensate,  but  the  sum 
of  their  squares  is  a  minimum. 

When  the  mean  curve  is  not  of  any  known  form,  it  becomes  dif- 
ficult to  discuss  its  properties;  but  for  a  limited  arc,  if  free  from 
singular  points,  it  is  proved,  bjr  the  theory  of  osculations,  that  we 
maj  assume  the  curve  to  be  identical  with  a  parabola  which  coia- 
eides  with  it  so  nearly  that  the  difference  is  inappreciable.  It  i» 
thus,  that  the  orbits  of  the  planets  are  assumed  to  be  conic  sec- 
tions, notwithstanding  the  discrepancies  presented  by  perturba- 
tions. And  this  is  equivalent  to  the  analytical  method  of  repre- 
senting phenomena  by  formulae,  such  as  that  employed  by  Biot^ 
and  ullwho  have  since  attempted  to  discuss  analytically  observa- 
tions of  the  law  of  dilatation,  and  of  the  temperature  of  the  max- 
imum density  of  waterl*  The  method  of  M.  Despretz,  of  deter- 
mining the  point  of  tangency  by  the  bisection  of  parallel  chords, 
is  certainly  accurate,  for  it  is  nearly  equivalent  to  the  familiar  ajid 
general  mode  of  determining  the  equation  of  the  tangent  to  a 
curve,  by  supposing  a  secant  to  vary  until  the  points  of  secancy 
coincide;  and,  as  the  equation 

y:B:za  +  ht  +  ct^  +  dt'  +  ei'..\+pt'''    -     -    (36), 

/' 

is  the  general  equation  of  a  parabola  of  the  nth  order,  it  follows 
that,  by  using  the  method  o{  Desprets,  which  assumes  the  curve 
of  dilatation  to  be  the  common  parabola,  whose  equation  is 

y^a  +  bt  +  tt'    -^ (36), 

we  simply  omit  to  take  account  of  the  terms  of  the  third  order  id 
the  formula 

i  y==za  +  ht  +  ct'-[-  dt* (37), 

I  which  Blot  has  shown  to  represent  the  law  of  dilatation  of  liquids 

I  with  accuracy,  and  which  is  the  equation  ot  the  parabola  of  the 

third  order. 

Moreover,  in  judging  of  the  exactness  of  our  analytical  qiethods^ 
it  should  be  borne  in  mind  that  the  problem  of  interpolation  is  in- 
determinate, unless  we  know  the  law  of  the  phenomena.  For  it 
consists  in  finding  a  function  which  shall  have  several  given  suc- 
cessive values  for  the  corresponding  values  of  the  indiependent  va- 
riable, and  these  conditions  are  fulfilled  by  many  different  func- 
tions, as  is  shown  by  the  possibility  of  drawing  various  curves 
through  a  given  number  of  points,  and  also  in  a  very  elegant  man«> 
«  ner  by  Lagrange's  formula  of  interpolation.  The  numerator  of  the 
expression  for  the  value  of  X  of  equations  (33) 

{x  —  a,)  (x  —  a.) (a:  —  a„  ) 

♦^See  Biot,  TriuU  de  Physique,  1. 1,  p.  210. 
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is  Dot  the  only  fuBCtion  which,  vanishes  when  x  becomes  equal  to 
4i^j  a,  ...  On  .     I/agrange  has  given  the  formula 


A  sin. 


as  one  which  becomes  0,  for  each  of  the  values  x  of  the  series  «, 
fia,  Say  &c.)  and  which  may  serve  for  the  interpolation  of  periodi- 
cal functions.     And  the  expression 

sin.  m{x  —  a^)  sin.  n  {x  —  a^) sin.  *  (ar  —  a.  ) 

x=- ^^ — ■• 

sin.  m  {a  — •  a^)  sin.  n  {a  —  a,) sin.  k{a  —  an) 

is  one  which  serves  for  any  values  of  m,  n,  and  k. 

Similar  functions  may  likewise  be  obtained  for  the  values  X^, 
X;,  &c.,  of  the  equation 

sin.  a  {t  -^  a)  sin.  0  {x  —  in,)  -  -  *  -  «in.  f  {a?  —  tf^  _  1) 

X„  = ^ 

sin.  a  («n  —  a)  sin.  jj  (fln  —  a,) sin.  ^  (a.  — ««  « 1) 

Hence  it  follows,  that  neither  graphic  nor  analytical  methods 
can  give  temperatures  of  maximum  density  with  rigid  exactness,  so 
long  as  we  are  ignorant  of  the  exact  nature  of  the  physical  laws  of 
the  dilatation  of  liquids,  though  we  can  obtain  values  with  all  re- 
quisite approximative  accuracy. 

93.  I  have  felt  an  interest  in  thi«  matter  sufficient  to  have  in- 
duced me  to  apply  the  method  of  least  squares,  which  Hallstrom 
seems  to  consider  the  only  admissible  one,  to  the  experiments  of 
M.  Despretz.  I  thus  obtain  4^.223,  instead  of  4^,  as  the  probable 
determination;  and  this  differs  but  0^.123  from  the  mean  which 
H&listrom  has  deduced  from  the  mass  of  observations  made  by  dif« 
f^rent  persons.  The  method  I  have  followed  i4s  given  in  the  next 
chapter. 

'      Jfew  analytical  discussion  of  the  observations  of  M.  Depretz. 

94.  As  the  method  of  least  squares  loses  its  advantage,  and  be- 
comes inaccurate,  when  any  of  the  extreme  errors  of  calculation 
are  very  great,  by  giving  to  these  errors  an  influence  proportional 
to  their  squares,*  and  as  the  numerical  calculations  become  very 
long  and  tedious  when  the  method  is  applied  directly  to  a  large 
number  of  results,  I  have  so  combined  the  data  of  each  set*of  the 
experiments  of  M.  Depretz  as  to  obtain  mean  equations,  from 
which  I  then   determine  the  temperature  of  maximum  density  of 

^dM  Bov4itcli'fl  Note*  to  Liplaoe,  M^oaniqiw  CtiwM,  ?ol.  li^  p.  484, 
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water  by  differentiation  and  the  use  of  least  squares.  ,  Bj  follow- 
ing this  method y  I  greatly  abridg.e  the  labor  of  calculation,  and  the 
result  is  more  accurate  than  if  obtained'  difectly  from  the  observa- 
tions themselves.  Any  great  error  is  exposed,  and  that  observa- 
tion, or  set  of  observations,  may  be  rejected,  or  their  probable  er- 
ror may  be  computed,  and  the  corresponding  correction  applied;  I 
prefer  to  reject  them.' 

In  the  method  I  employ  to  obtain  tbe  unknown  constant  coeffi- 
cient of  Biot's  formula,  (37,)  the  memn  value  of  a  is  given  for  eaek 
experiment  by  six  determinations,  that  of  b  by  two,  and  c  by  one 
only.  Thu»,  greater  accuracy  is  oibtained  where  most  reiquired,  and 
errors  of  observation  are  rendered  apparent,  particularly  in  the 
value  of  «,  by  discordant  results. 

Logarithmic  computation  becomes  inaccurate  when  the  numbers 
are  very  large.  I  have,  therefore,  found  it  necessary  to  employ 
the  laborious  method  of  actually  performing  all  the  multiplications 
and  divisions.  To  avoid  those  accidental  errors  to  whieh  such 
arithmetical  operations  are  peculiarly  liable,  the  calculations  w«;re 
also  made  at  my  request  by  my  brother;  thus,  mistakes  were  de^ 
tected  and  corrected  by  differences  in  our  calculations;  nor  have  I 
failed  to  test  even  the  accordant  results  by  the  approximative  veri- 
fications which  logarithms  afford.  Such  care,  in  my  opinion, 
should  always  be  bestowed  on  determinations  of  the  constants  of 
Kature. 

95.    The  formulas  I  have  employed  are  usually  contained  in  the 
works  which  treat  of  the  calculus  of  finite  differences,* 
V  =^at  +  6r  +  c£*  +  etc.  1 
V,  =«=  at,  +  bt,'  +  ct*  +  etc. 
v,  =  at^  -f  bt;  +  c^/  -f  etc. 
V,  =  at,  +  6//  +  cV  +  etc. 

then  if  we  put 

=/(t^); =-/  W; =/(t^.);  etc. 

^-^  t,-t,  t^^u 

we  shall  have 

/{n\^a  -f  4  (^  +  #^)  +  c  (^,  -f  f  f,  +  f/)  +  etc.  \ 

/(t^J  =  a  +  6  ir,  +  ^)  +  c  (f,   -f  ^  ^  +  C)  +  etc.  \   -    (89), 

/(t^O  ■■=:  a  +  6  (^.  +  /.)  +  c  [t:  +  r.  r.  -f  C)  +  etc.  J 

aad  analogously  subtracting  each  of  the  two  last  equations  from 
that  which  precedes,  and  dividing  by  the  factor  of  the  first  term, 
we  obtain 

/,  (t,.)  =  ft  +  c  (  ^  +  f.  -f  ^)  +  etc.  ]  l^">- 


fSse  Laorobc;  Calo.  Diff.,  vol.  3,  p.  32,  4toj  Parisi  1819. 


-    (38); 
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From  which,  lastly: 


96 


/.(") 


(41). 


Hence  it  is  evident  that  we  shftll  obtain  from  four  equations  of 
conditioa  (38)  one  Ta^lue  of  c,  two  values  of  by  and  six  values  .of 
a;  for  each  of  the  values  of  b  gives  a  value  of  a  in  the.  equations 
(39.)  And  since  three  equations  of  condition  determine  the  values 
of  three  unknown  quantitleS|  our  fourth  equation  servos  as  a  tent 
upon  the  accuracy  of  the  observations)  and  will  give  very  discor* 
dant  values  of  the  coefficients)  if  they  are  not  free  from  consider* 
able  error.  Thus,  in  the  third  experiment^  they  lead  to  two  wide-* 
ly  different  values  for  bj  or,  if  equal  values  are  assigned)  to  absur* 
dity;  I  have  therefore  rejected  it  entirely.  It  is  not  unlikely  that 
I  may  have  copied  the  observations  incorrectly  in  my  notes  from 
the  memoir,  of  M.  Despretz,  which  is  not  now  within  tny  reaclt) 
or  that  they  are  printed  incorrectly* 

96.  The  following  are  the  observations  of  M.  Despretz,  which  I 
have  submitted  to  calculation,  and  arranged  for  brevity  in  tabular 
form.     They  are  those  to  which  he  has  himself  applied  Lagringe'a- 
formula  of  interpolation. 


EzperimeDt  I. 

Experiment  II. 

Experiment  III. 

Experiment  IV. 

Temp, 

Volnme. 

Temp. 

Volnme. 

Temp. 

Vobune. 

Temp. 

Volume. 

7.48 
5.90 
3.74 
2.17 

92759.03 
92753.29 
92750.83 
92753.12 

7.18 
5.69 
4.04 
2.59 

92757.39 
92762.60 
f'2750.64 
92752.07 

5.91 
4.73 
3.23 
1.86 

92745.69 
92743.28 
92743.33 
92746.11 

6.33 
5.68 
5.21 
3.87 

92754.46 
9?752.72 
92751.86 
92750.84 

The  numbers  in  the  vertical  columns  of  volume  express  divi- 
sions of  the  graduated  scale  contained  both  in  the  reservoir  and  the 
tube;  to  which  the  correction  of  dilatation  for  the  particular  glass 
has  been  applied,  so  that  the  volumes  are  absolute.  A  second  tube 
gave  the  following  analogous  results: 


Experiment  V. 

Experiment  VI. 

Experiment  VII. 

Experiment  VIII. 

Temp. 

Volume. 

Temp. 

Volume. 

Temp. 

Volume. 

Temp. 

Volume. 

5.91 
4.93 
3.23 
1.86 

61842.54 
61841.00 
61841.01 
61842.77 

7.18 
5.69 
4.04 
2.59 

61841.89 
61838.64 
61837.39 
61838.30 

7.48 
5.90 
3  74 
2.47 

61843.01 
61839.82 
61837.62 
61839.04 

7.77 
6.05 
4.27 
1.41 

61857.52 
61852.76 
61850.75 

618M.34 

It  appears  that  the  temperatures  of  experiments  No3<  1;  2,  3,  and 
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7,  6,  5,  are  identical;  but  while  the  volumes  of  No.  5  do  not  differ, 
except  by  a  few  units,  from  those  of  No.  6  and  No.  7,  those  of  No. 
3  Tary  greatly  from  the  volumes  of  No.  1  and  No.  2;  this  also 
proves  the  propriety  of  rejecting  No.  3  as  incorrect.  To  the 
identity  I  have  meiitioned,  there  is  one  exception — the  last  tempe- 
rature of  No.  1  is  2^.17,  while  that  of  No.  7  is  2^.47.  The  values 
of  a,  which  I  have  obtained  for  the  observations  of  No.  1,  give 
somewhat  discordant  results;  while  thpse  of  No.  7  accord  very 
closely.  I  therefore  tried  the  effect  of  supposing  2.17  to  havebeen^ 
by  an  error  of  printing  or  copying,  substituted  for  2.47,  but  the 
discrepancy  became  much  greater,  and  affected  the'  values  af  bio 
an  extent  which  rendered  it  necessary  to  abandon  the  hypothesis. 
This  fact  serves  to  show  the  accuracy  of  the  method  employed,  as 
well  as  of  the  observations  themselves;  for  the  error  of  three- 
tenths  of  a  degree  rendered  it  impossible  to  obtain  values  at  all 
alike,  even  for  the  coefficient  of  the  second  power  of  the  temper- 
ature. 

97.  The  calculations  are  to0  long  to  be  given  in  full  in  this  pa- 
per, nor  would  any  one  desire  to  follow  them;  their  results  may, 
however,  be  embodied  in  tables,  which  any  one  may  test  by  parti- 
cular examples,  w^ho  is  so  disposed.  To  render  the  numbers  smaller, 
I  subtract  each  temperature  from  4®;  which  canhot  affect  the  re- 
sult of  the  maximum  density,  as  is  evident  from  the  fact  that  it  is 
equivalent  to  a  simple  change  of  the  origin  of  co-ordinates.  By 
substituting  the  numerical  values  in  the  formulas  of  article  95,  I 
obtain: 


No. 

/(•) 

fM 

/M 

AM 

/.  M 

AW    . 

1 
2 
3 
4 
5 
6 
7 
8 

4.3037974 
3.214765! 
2.0423729 
0.2670707 
1.3050647 
0.7575757 
2.0189873 
1.1292134 

1.1342590 

1.1878788 

-0.0333333 

0.1829787 

—0.0066666 

-0.6275862 

1.0648141 

1.2552447 

—1.4685987 

-0.986217 

—1.1029197 

0.7611940 

-1.2846715 

0.78213607 

0.8491620 

0.2500000 

0.8501439 
0.6455052 
0.7746172 
0.0750821 
0.4894594 
0.4468264 
0.2551265 
0.5138918 

0.0951091 
0.6948697 
0.3726788 
-0.3194559 
0.4452978 
0.4489558 
0.0628723 
0.5014984 

0.02919676 
—0.0107549 
0.9921688 
0.1603813 
0.01090401 
0;0014291 
0.0383741 
—0.0072064 

And  from  these  I  deduce  the  coefficients  a  and  6,  by  similar  sub- 
stitution. 


[50] 


98 


& 


s  g  s 

«  *  <^ 

o  o  o 

1. 1  I 


ll 


•^  ^  ^ 

^    tp  (O  «o 

■    00  DO  00 

©  o  p 


a 


g 


o   5   o 
o   ©   o 


I  I  ( 


I 


r^  «  5 

^  Oi  o 

5  '^  lift 

.     OS  Oi  OS 


I 


CO 

I 


3 


d 


5  S3  S 

6  8  R 

«  ::  r  § 

o   o   o 

d   ©   d 

I 


I 


I 


«  5  g  S 

d   ©   d 


o 

d 


^s 


?5 

© 

i 

d 


*  8 


1^   ^-   I* 

S  Si  S3 

©  ©  © 


I  I  I 


9S 


© 

d 


S  S  I 

fe  s  s 

^  ^  ^ 

cd  CO  CO 

^  rr  ^ 

00  00  oo 

©  d  © 


S 


d 


^      04 


©  ©  © 
G  ^   (^ 


s 


25  »A  00 

2*  00  *f 

I  s  s 

s  s  1 


C4 


C4 

i 


2 


00  Oi  « 

Oi  «  qo 

s  s  1 

=  r:  § 

©  ©  © 

©,  d  d 


s 

d 


I 


5 

s 

0 
8 


I 
1 


B 

«> 

•5 

s 
'3 

a 

8 
8 


I 


I 

i 


©  c^  « 

»>-  CO  © 

»2  ^  «-• 

JO  f^  Ol 

I-  ©  1^ 

»-*  c^  o 

d  d  d 


§ 


3 

d 

I 


99 


[50] 


By  differenlittion,  tke  formula  (3T)  gives 


dt 


=  o  +  26*  +  3cr 


(42); 


\rhich,  for  the  maximum,  becomes  equal  to  zero.  Hence,  by  sub- 
stitutioo  and  reduction,  after  passing  again  to  the  primitive  origin 
of  abscissas,  \re  obtain  in  degrees  centigrade  from 

No.  1,  0  =»  6.89129888  —  2.10203559  t  +  0.08759028  <*; 
2,  0  ==5.07488608—1.1385049  t  -  0.0322647  f-, 
4,0  =  2.9734386  —2.3249448  f  + 0.4811439  t*; 
6,  0  =ai  4.28188808  —  1.19983334  t  +  0.03271203  t*-,  ^  (43.) 

6,  0  =  3.61861466  —  0.92703659  t  +  0.0042873    f; 

7,  0  =t=  7.38061065  —  2.0940028    t  +  0.1151223    f; 
8,0  =  3.7259813    -^0.850963      f- 0.0216162    V;, 

And  these  ate  the  mean  equations  of  condition  to  which  (as 
stated  in  art.  94)  the  method  of  least  squares  is  to  be  applied,  in- 
stead of  using  the  actnal  obserTations  themselves. 

98.  The  method  of  least  squares  gives: 


No.  1,0  =  —  14.4^756070971392 
2,0  =  —  6.777094549^121792 
5,0=—  6.137552076532687 
6,0  =  *^  3.3545881949244094 
7,  0  =  —  16.45480627627449 
8,0==—  3.l706T22a4»919 


4.418545213488288  f  —  0.184696484695218  O: 
1 .29619840732401  t  +  0.03673351904708  t»  ; 
1.4386008690995656  /  —  0. 0392489842 U080S  I* ; 
0.8593968391988281  t  —  0.003974483972307  P  ] 
4.3S49081620529  i  —  0.24106636098129  f«  : 
0.724084420669    I  —  0.018S945S64(:K)6   I*  ; 


And  froiii  these  we  have  the  final  e<]^atioA  of  the  second  degree 

O  =  —  47.381068^28942317  +  13.1217289118325318  i  —  0.4605473812264662  t\ 

From  which  I  deduce  4^.223  as  the  value  of  ty  or  the  temperature 
of  the  maximum  density  of  water. 

This  differs  two-^tenths  of  a  degree  from  the  determination  of  M. 
DespretZi  a  quantity  which  but  serves  to  show  the  accuracy  of  his 
experiments,  and  of  the  calculations  by  the  method  he  employed. 
Since  4^.223  centigrade  are  equivalent  to  39^.601  Fahrenheit,  and 
it  is  impossible  to  read  to  the  thousandth  of  a  degree,  I  conclude 
that  39^.6  Fahrenheit  is  the  temperature  of  the  maximum  density 
given  by  the  most  exact  researches.  For  ordinary  practical  pur- 
poses, we  may  employ  39^.5  Fahrenheit,  or  4^  centigrade.  In  the 
final  calculations,  I  have  taken  no  account  of  No.  4,  by  reason  of 
the  great  probable  error  by  which  the  mean  equation  is  effected^ 
which  renders  it  proper  that  it  should  be  discarded. 

It  is  interesting  to  know  that  the  temperature  39^.4  Fahrenheit| 
adopted  by  the  late  Mr.  Hassler  for  the  construction  of  the  stan- 
dard weights  and  measures  of  the  United  States,  differs  but  two** 
tenths  of  a  degree  from  the  result  of  the  preceding  calculation;  a 
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difference  which  could  not  produce  any  appreciable  errors  in  tho«e 

standards.  * 

,  On  the  dilatation  of  mixtures  of  alcohol  and  water. 

99.  On  this  subject,  perhaps  the  most  difficult  and  extensive  con- 
nected with  the  present  inquiry ,  my  researches  haye  not  led  me  to 
many  important  resultSiUor  assumed  a  shape  sufficietitly  definite  to 
be  included  in  this  report.  Neither  have  I  made  any  experiments;, 
because,  to  be  properly  made,  they  should  be  definite  questions 
propounded  to  nature  as  the  witness,  ^ith  particular  objects  io 
Tiew.  Otherwise,  experiments  become  a  mere  waste  of  time  apd 
money.  It  is  but  a  few  days  since  t  have  received  from  France 
and  Germany  the  papers  which  contain  the  results  of  similar  re- 
searches made  for  the  governments  of  those  countries;  the  labors 
of  Gilpin  and  Blagden,  for  the  British  government,  have  been  in 
my  possession  from  the  time  nearly  at  which  I  commenced  these 
investigations  in  June  last;  and  I  have  also  collected,  from  the  va- 
rious journals  and  transactions  of  scientific  societies,  much  valuable 
original  matter.  To  discuss  this  mass  of  information  thoroughly^ 
requires  more  time  than  I  have  yet  been  able  to  command;  but,  a» 
I  devote  a  considerable  portion  of  my  labor  to  this  branch  of  the  in- 
quiry, I  hope  at  an  early  day  to  be  able  to  report  the  complete  and 
final  results.  The  method  of  discussion  t  follow  is  at  first  graphi- 
cal, that  the  eye  may  aid  in  seizing  the  laws  of  the  phenomena;, 
subsequently,  analysis  serves  to  give  more  exact  determinations. 

An  interesting  result  at  which  I  arrived,  soon  after  I  commenced 
my  investigations,  is  presented  by  the  fact  that,  for  all  practical 
purposes,  liquors  containing  more  than  thirty  per  cent,  of  alcohol 
may  be  considered  to  expand  uniformly  for  equal  increments  of 
temperature  of  the  mercurial  thermometer.  This  law  becomes 
more  exact  the  greater  the  per  cent,  of  alcohol  contained,  and  the 
error  is  within  the  limits  of  errors  of  observation,  if  that  per  cent, 
exceed  ninety.  I  was  first  led  to  this  conclusion  by  the  considera- 
tion of  the  circumstance  that  the  first  differences  are  nearly  con- 
stant, and  it  is  fully  verified  by  the  graphic  process.  A  glance  at 
folate  II  will  be  sufficient  to  convince  any  one  of  the  truth  of  this, 
aw;  for  it  shows  that  the  parabola,  which  represents  the  dilatation 
of  very  dilute  aqueous  solutions  of  alcohol,  gradually  passes  into 
a  straight  line;  I  have  drawn  the  curves  on  a  large  scale,  of  which 
plate  fl  is  merely  a  reduced  copy.  The  researches  of  Gilpin  and 
Blagden  furnish  the  data  which  I  have  employed  in  this  determi- 
nation. 

Within  a  few  days,  I  have  found,  in  reading  the  report  of 
Tralles  to  the  Prussian  government,  that  he  confirms  the  law  I 
have  just  given,  as  far  as  it  is  applicable  to  absolute  alcohol;  for^ 
in  a  note  by  Gilbert,*  is  stated  that  Tralles  "found  from  experi- 
ments made  with  absolute  alcohol,  that  between  —  15^  and  +  15^ 


•See  Gilbert's  Aimalea  der  Pbysikj  Jahrg.  ISll^  St.  6,  S.  394. 
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Fahrenheit^  it  expandis  as  uniformly  by  heat  aa  mercury  oicf  air. 
The  opiBion  hitherto  entertained »  that  alcohol  obeys  a  different  law 
of  dilatation )  is  therefore  to  be  attributed  to  the  water  with  which 
it  is  generally  mixed." 

In  plate  II,  figs.  5)  6,  and  7|  I  have  drawn  tangent  lines,  to  en- 
sble  the  eye  to  judge  of  the  curTatare.  In  fig.  8,  the  tangent 
becomes  coincident  with  the  curye  itself,  which  therefore  has 
passed  into  a  straight  line. 

I  shall  defer  further  remarks  upon  the  subject  of  dilatation  to  a 
future  occasion,  when  I  shall  have  fully  investigated  the  subject; 
and  I  feel  that  they  may  now  be  properly  excluded,  as  this  report 
has  attained  a  length  much  beyond  what  I  had  supposed  would  be 
necessary.  I  will  simply  add,  that  I  propose  to  make  a  series  of 
experiments  of  verification  with  thermometers  constructed  of  dif- 
ferent proportions  of  alcohol  and  water,  a  method  which  I  regard 
as  both  the  simplest  and  most  exstct. 

On  tht  different  f roofs  of  spirits. 

100.  It  appears  that,  m  nearly  all  countries,  there  is  established 
in  trade  a  system  of  ^^proofsj^^  or  commercial  conventional  strengths, 
at  which  spirituous  liters  are  boaght  and  sold.  And  were  not 
these  ^^proofs"  interfered  with  and  modified  by  particular  legisla- 
tion, it  is  not  unlikely  that  there  would  arise  uniform  commercial 
standards  throughout  the  world.  For  exportation,  it  is  always  de- 
sirable that  liquors  should  be  as  strong  as  possible  to  avoid  payinr 
freight  on  mere  water  of  dilution;  and  water,  which  may  be  found 
any  where,  should  be  added  rather  by  the  consumer  than  the  pro- 
ducer; hence,  each  kind  of  spiri's  will,  if  trade  be  left  to  take  its 
natural  course,  be  furnished  to  foreign  markets  of  but  one  degree 
of  ^strength,  which  will  be  the  maximum  attainable  without  injury 
to  the  quality.  Of  some  varieties  of  ardent  spiritsi,  as  for  instance, 
cognac  brandy  and  the  Kirsthwnster  (cherry  brandy)  of  the  Black 
forest,  the  value  depends  upon  the  flavor,  and  the  strength  is  a 
subordinate  matter;  nor  could  such  liquors  generally  be  highly 
rectified  without  injury  to  their  flavor.  But,  as  a  general  rale,  the 
value  of  a  liquor  depends  upon  and  is  proportional  to  the  strength, 
^r  the  per  cent,  of  alcohol  it  contains. 

101.  The  necessity  of  proving  in  trade  the  strength  of  ardent 
spirits,  that  the  buyer  may  know  how  much  water  he  is  bargaining 
for,  has  led  to  the  use  of  hydrometers;  and  I  cannot  better  illua- 
trate  the  value  of  this  little  instrument  than  by  translatiag  a  pas- 
.sage  from  the  writings  of  the  Baron  Charles  Dupin:  ^' The  Spaniards, 
whose  strong  wines  are  yery  well  suited  for  distillation,  endeavored 
to  compete  with  us  in  the  manufacture  of  brandy.  But,  neglecting 
to  measure  the  degree  of  concentration  with  the  hydrometer,  they 
merely  let  fall  from  a  certain  height  a  drop  of  oil  into  the  brandy. 
The  deeper  this  drop  sank,  the  stronger  they  concluded  the  liquor 
to   be.     But  s6  rough   a  method  constantly  led  them  into   error* 


/ 


[50] 


103 


The^  therefore  furnUhed  to  tbe  foreign  mtrk^ts  brtnjies  of  retj 
unequal  degrees  of  strength,  which  gare  their  production  a  'very- 
bad  repatatiou,  and  they  we^re  even  compelled  to  sell  to  us  ^i  re- 
duced prices.  Then,  with  our  hydrometers  we  easily  reduced  their 
brandie^  to  the  proper  deg^ree  of  strebgth,  and  sold  them  for  th.e 
same  prices  as  our  awn.  This  commerce  with  the  north  of  Europe 
alone,  caused  us  to  gain  four  millions  of  francs  yearly  before  the 
revolution.  At  present,  the  Spaniards,  having  learned  to  use  hy- 
drometers, no  lofiger  permit  us  to  enjey  this  benefit.^  Hencej  it  i» 
easily  seen  whet  important  advantages  a  vei^  simple  little  Instru- 
ment may  give  to  certain  nations  in  commerce  and  wealth.  Such 
is  the  practical  value  of  science.''* 

102.  It  seems  to  me  that  the  propjer  policy  to  be  adopted  by  gov- 
ernments, in  levying  duties  on.  ardent  spirits,  is  so  to  frame  their 
laws  and  regulations  that  they  may  be  adapted  to,  and>not  in  con- 
flict with,  the  system  of  strengths  which  would  obtain  in  commerce 
if  there  were  no  duties  to  he  paid.  By  so  doing,  commerce  may 
be  facilitated,  which  otherwise  is  subjected  to  considerable  incon- 
venience. Again,  as  the  tastes  and  habits  of  the  same  country  vary 
with  time,  it  appears  to  me  that  no  one  system  of  commercial 
proofs  can  be  considered  fixed;  and  therefore  legislation  should 
be  geaeral,  or  independent  of  particular  proofs  and  of  the  hy- 
diomet'cr  used,  and  so  devised  that  any  commercial  change  may 
not  be  hindered,  nop  require  the  existing  laws  to  be  modified. 
This  can  be  A^ne  by  levying  duty  on  the  alcohol  cdntained,  with- 
out regard  ta  the  water,  which  is  valueless;  nor  do  I  see  how  it 
could  be  otherwise  readily  accomplished. 

103.  There  seems  to  be  but  one  degree  of  proof,  or  strength) 
which  is  common  to  nearly  all  countries  except  England;  this  is> 
the  "first  proof "  of  the  United,  ^idiies^  ^^die  hollaadist  he  Pfht^ 
of  Germanyi  and.  the  ^^preuvt  d!Hollandt^^  of  France.  It  marks 
19°  Cartier,  ten  per  cent,  below  hydrometer  proof  of  Dycas,  an^ 
50  per  cent,  by  volume  of  the  alcoholometer  of  AI.  Gay  Luasac; 
and  it  is  therefore  composed  by  measure  of  equal  parts  of  alcoh<^l 
lind  water.  When  spirits  of  this  degree  of  strength  is  briskly  agi- 
tated in  a  flask,  a  series  of  little  bubbles  form  at  the  surface,  and 
it  is  then  said  to  give  a  ^^bead^^^  or  to  be  of  ''the  Holland  proof," 
or  is  simply  called,  in  general  commerce,  proof  spirit. 

104.  In  France  there  are  found  in  commerce  other  degrees  of 
•tceagth,  which  are  all  referred  to  proof  spirit  {preuve  d^Hollande^) 
fts  a  type.  These  are  called  ^^esprii  trois-cinq^^  (spirit  three-five;) 
^^esprii  trotf-six^^^  (spirit  three-six;)  ^^esprit  trots  sept, *^  (spirit 
three-seven;)  and  so  on.  These  terms  signify  that  three  volumes 
diluted  with  water  to  five,  six,  seven,  etc.,  volumes  will  then  be 
of  the  strength  of  Holland  proof,  which  is  the  liquor  of  consump- 
tion.    Bttt  the  duties,  as  I  have  before  stated,  are  levied  by  the 

•See  Geom  et  Mec.  des  ArtBet  Metiers  el  des  Beaiut  Arts;  par  M.  le  BaroaCh.  Dapio.  i^ 
ill  J  Dynamie,  7«  Le^on. 
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French  gorernment  on  the  proportion  of  alcohol  by  volume  con- 
tained in  any  spirit,  witjiout  regard  to  its  commerciai  name. 

106.  In  England,  the  laws  of  the  excise  seems  to  have  taken 
precedence,  and  to  have  counteracted  the  influences  of  general 
commerce  entirely.  .In  the  language  of  Dr.  Ure,*  "the  inquisi- 
torial regime  imposed  by  law  upon  our  distilleries  might  lead  a 
stranger  to  suppose  that  our  legislators  were  desirous  of  repressing, 
by  every  species  of  annoyance,  the  fabrication  of  the  fiery  liquid 
which  infuriates  and  demoralizes  the  lower  population  of  these 
islands.  But,  alas!  credit  can  be  given  them  for  no  such  moral  or 
philanthropic  motive.  The  necessity  of  the  exchequer  to  raise  a 
great  revenue,  created  by  the  wasteful  expenditures  of  the  State 
on  the  one  hand,  and  the  efforts  of  fraudulent  ingenuity  on  the 
other,  to  evade  the  payment  of  the  high  duties  imposed,  are  the 
true  origin  of  that  regime.  Examinations  in  distilleries  are  con- 
stantly making  by  the  officers  of  the  excise.  There  is  a  survey  at 
6  o'clock  in  the  morning,  when  the  officers  take  their  accounts  and 
gauges,  and  make  calculations  which  occupy  several  hours.  At  10 
o'clock  they  again  survey,  going  over  the  whole  premises,  where 
they  continue  a  considerable  time,  frequently  till  the  succeeding 
officer  comes  on  duty.  At  2  in  the  afternoon  another  survey  takes 
place,  but  not  by  the  same^people.  At  6  in  the  evening  the  survey 
is  repeated;  at  lO  there  comes  another  survey,  by  an  officer  who 
had  not  been  engaged  in  any  of  the  previous  surveys  of  that  day. 
He  is  not  relieved  until  6  the  next  morning.  In  addition  to  these 
regular  inspections,  the  distilleries  arc  subject  to  frequent  and  un- 
certain tlsits  from  the  surveyor  and  surveyor  general.  We  are 
never,"  says  Mr.  Smith,  the  eminent  distiller  of  White  Chapel, 
"ottt  of  their  hands."  Such  is  the  excise  system  of  Great  Britain. 
And  it  was  the  remembrance  of  the  hardships  and  severities  to 
which  the  British  excise  laws  and  their  violations  had  led,  which 
gave  rise,  at  any  early  period  of  the  history  of  our  government, 
among  the  Scotch  and  Irish  settlers  of  Western  Pennsylvania,  to 
the  insurrection,  which  is  familiarly  known  as  that  of  the  "whiskey 
boys,"  in  consequence  of  an  act  establishing  a  system  of  excise 
with  relation  to  domestic  distilled  spirits.  The  policy  of  Great 
Britain  seems  to  be  regulated  rather  by  the  excise  than  the  cus- 
toms. Hence,  her  complicated,  artificial,  and  very  imperfect  sys- 
tem of  "over  proofs"  and  "under  proofs,"  is  peculiarly  her  own. 
Nor  has  it  been  imitated,  except-^o  a  certain  limited  extent,  in  our 
country;  in  consequence  of  the  adoption  of  Dycas's  Liverpool  hy- 
drometer as  the  standard  of  the  United  States. 

106.  In  Great  Britain,  duty  is  charged  on  "  Sikes^s  hydrometer 
proof  spirit ;^^  and  if  a  liquor  be  not  of  that  degree  of  strength, 
then,  by  act  of  Parliament,  a  calculation  is  to  be  made  by  Sikes's 
tables  and  hydrometer,  to  obtain  the  "over  proof"  or  "under  proof,'* 
which  is  "the  decimal  multiplier  by  which  the  gauged  content  of  a 
cask  is  to  be  multiplied,"  and  thus  increased  or  diminished  so  as  to 

•  See  Dictionary  of  Arti  and  Manufaoturef ,  p.  403;  London,  1840. 
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reduce  it  to  hydrometer  proof  spirit;  upon  which  calculated  yo- 
lume  the  duty  is  then  to  be  paid.  To  determine  what  constitutes 
Sikes's  hydrometer  proof  spirit,  we  havt  the  definition  of  the  act 
of  Parliament;  that  at  51  degrees  of  Fahrenheit  it  weighs  twelve- 
thirteenths  of  the  weight  of  an  equal  bulk  of  water.  In  decimal 
fractions  12:13  s=  0.923007,  which  is  therefore  the  specific  gravity, 
if  water  be  taken  at  the  same  temperature  as  unity.  This  specific 
gravity,  reduced  to  59^  Fahrenheit,  becomes  0.920  nearly;  which, 
by  the  table  of  Marozeav*  for  densities  corresponding  to  the  in- 
dications of  Gay  Lussac's  alcoholometer,  ^ives  58  per  cent,  by  vo- 
lume, as  the  proportion  of  alcohol  in  Sikes's  hydrometer  proof 
spirit. 

107.  In  the  United  States,  Dycas's  Liverpool  hydrometer  seems 
to  have  come  into  use  in  the  following  manner:  It  was  employed 
in  the  States  at  the  time  of  the  formation  of  the  federal  Union, 
and  was  therefore  adopted  by  our  government  by  act  of  Congress 
approved  August  10,  1790.  In  that  same  act  I  find  spirits  divided 
into  six  cl^ssesjt  namely:  1st,  "distilled  spirit  of  more  than  ten 
per  cent,  below  proof,  accordiftg  to  Dycas's  hydrometer;",  2d,  **if 
more  than  five  and  not  more  than  ten  per  cent,  below  proof,  accord- 
ing to  the  same  hydrometer;"  3d,  "if  of  prox>f,  and  not  more  than 
five  percent,  below  proof,  according  to  the  same  hydrometer;"  4th, 
"if  above  proof,  bu^- not  exceeding  twenty  per  cent,  according  to 
the  same  hydrometer;"  5th,  "if  of  more  than  twenty  and  not  more 
than  forty  per  cent,  above  proof,  according  to  the  same  hydrometer;" 
6th,  "if  iLore  than  forty  per  cent,  above  proof,  according  to  the 
same  hydrometer."  By  act  of  Congress,  approved  March  3,1791, 
it  is  enacted!  that  these  ^x  "several  kinds  of  proof  shall  be  dis- 
tinguished,, corresponding  with  the  order  in  which  they  are  men- 
tioned, by  the  words  "first  proof,"  "second  proof,"  "third  proof," 
"fourth  proof,"  "fifth  proof,"  "sixth  proof;"  "and  that  it  be  the 
duty  of  the  Secretary  of  the  Treasury  to  provide  and  furnish  to 
the  officers  of  inspection  and  of  the  customs  proper  instruments 
for  ascertaining  the  said  severa)  proofs."  This  system,  thus  estab- 
lished by  law,  has  not  since  been  disturbed;  and  although  the  Se- 
cretary of  the  Treasury  is,  by.act  of  Congress  approved  January 
10,  1825,  "authorized  to  adopt  and  substitute  such  hydrometer  as 
be  may  deem  bt^t  calculated  to  promote  the  public  interest,  in  lieu 
of  that  now  prescribed  by  law,  for  the  purpose  of  ascertaining  the 
proof  of  liquor,"  no  change  has  taken  place.  And  this  may  per- 
haps be  owing  chiefly  to  the  fact,  that  no  appropriation  has  ever 
been  made  to  enable  the  Secretary  of  the  Treasury  to  carry  this 
law  into  effect,  by  causing  proper  investigations  to  be  made  by 
con^petent  persons.  At  the  tim«,  when  Dycas's  hydrometer  was 
adopted  by  our  government,  it  was  perhaps  the  most  perfect  in- 
strument known;  but  this  superiority  it  has  long  since  lost,  and  it 

*86«  Endyciopedra  of  Ckealnrr,  bj Messrs.  Booth  &nd  Cioye — art.  Alcobolometer,  pase 
ae.  Pbiiadelpbift,  1844. 
fSee  Laws  of  the  United  States,  vol.  2,  pay^e  176,  chap.  66,  sec.  1. 
tSee  Ibid,  vol.  2,  page  215,  chap.  89,  sec.  37. 
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is  now  as  far  inferior  to  the  centesimal  alcoholometer  of  M.  Oay 
Lussac  as  it  was  then  superior  to  the  instrument  of  Clarke,  whicn 
it  superseded.  I  do  not  consider  the  hydrometer  of  Si)ces  mo|-e 
perfect  than  that  of  Dycas;  and,  indeed,  it  is  more  uncertain,  if 
constructed  by  ordinary  workmen,  in  consequence  of  the  fact  tnat 
the  weights  are  immersed.  , 

108.  The  language  "ten  per  cent,  above  proof,"  "twenty,  thirty, 
for<y,  etc.,  per  cent,  atoueor  6«/ot(>  proof,"  for  I>yca8's  hydrometer, 
is  not,  as  would  be  generally  supposed,  synonymous  with  the  cor- 
responding language,  "ten  per  cent,  over  or  under  proof,"  for  Sikes's 
hydrometer.  It  varies  in  signification,  not  only  because  the  proofs 
of  these  hydrometers  do  not  correspond  to  the  same  strength  of 
spirits,  but  also  materially  in  itself.  The  "over  proof"  and  "'un- 
der proor'  of  Sikes  is  the  quantity  per  cent,  by  which  the  guaged 
contents  of  a  cask  is  to  be  multiplied,  to  reduce  it  td  the  equivalent 
quantity  of  hydrometer  proof  spirit.  But  the  "per  cent,  above  or 
below  prooP'  of  Dycas  is  the  quantity  of  water  which  may  be  add- 
ed to  or  subtracted  froip  the  liquor,  to  reduce  it  to  liquor  of  the 
strength  of  proof.  Now,  these  quantities  are  not  the  same;  for 
when  alcohol  and  water  are  mixed,  a  molecular  attraction  or  con- 
densation takes  place,  which  renders  the  volume  of  the  mixture 
considerably  less  than  the  sum  of  the  volumes  of  the  liquids  mix- 
ed; and  this  condensation'  may  amount  to  more  than  three  and  a 
half  per  cent. 

109.  Although  the  above-described  system  of  proofs  has  been 
for  more  than  nfty  years  established  by  law  for  levying  duties  on 
foreign  spirits  imported  into  the  United  States,  it  does  not  appear 
to  be  in  harmony  with  the  mercantile  system;  and  has  therefore 
been  rejected  in  commerce.  In  New  York,  a  single  proof  has  been 
by  law  adopted,  and  duties  are  laid  on  strengths  shown  directly  by 
Sottthworth's  hydrometer  in  per  cent,  above  and  below  this  proof. 
In  Boston,  a  hydrometer  has  been  brought  forward  by  Messrs. 
Tucker  and  Dwelle,  apparently  copied  from  that  of  Sikes,  but 
which  is  based  upon  proof  spirit  of  "the  American  mercantile 
standard,"  which  seems  to  be  the  first  proof  of  the  United  States, 
or  Holland  proof  of  Europe.  In  Philadelphia,  by  law  of  the  State 
of  Pennsylvania,  passed  April  15,  1835,  it  is  enacted,  "that  if  the 
liquor  shall  be  hydrometer  proof,  (by  Dycas's  hydrometer,)  it 
shall  be  marked  as  liquor  of  the  fourth  proof;  if  five  de- 
grees below  hydrometer  proof,  it  shall  be  marked  ^s  liquor  of 
the  third  proof;  if  the  liquor  shall  be  ten  degrees  below  hy- 
drometer proof,  it  shall  be  marked  as  of  the  second  proof;  if  it 
shall  be  fifteen  degrees  below  hydrometer  proof,  it  shall  be  marked 
as  of  the  first  proof."  In  Baltimore,  I  am  informed  that^  by  act 
of  the  legislature  of  Maryland,  the  gangers  are  required  to  mark 
on  each  cask  its  contents  reduced  to  "first  proof"  spirit,  (United 
States  standard,)  to  certify  the  same  to  the  vendor,  and  to  give  no 
other  information.  Hence  it  would  seem  that,  with  the  excejption 
of  <*first  proof"  spirit,  the  standards  established  by  law  are  arbi- 
trary, and  that  they  might  even  be  abolished,  and  a  different  and 
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simpler  system  adopted,  without  inconvenience  in  commerce,  an^l 
"with  advantage  in  the  revenue.  Before  recommending,  however^ 
any  particular  change  in  the  existing  regulations,  it  is,  in  my  opin^ 
ion,  expedient  to  consult  the  views  and  wishes  of  merchants  who 
are  well  informed  upon  these  subjects,  and  who  have  imported 
large  quantities  of  spirits  from  foreign  countries. 

Experiments  of  comparison  of  several  of  the  hydrometers  used  for 

spirits. 

110.  The  temperatures  were  observed  by  three  different  thermo- 
meters, one  of  the  centi{i;rade  scale,  made  by  Greiner,  of  Berlin; 
another  by  Bate,  the  hydrometer  maker  to  the  revenue  of  Great 
Britain;  and  a  third  by  Fisher,  of  Philadelphia;  the  two  last 
belonging  to  the  hydrometers  of  Sikes  and  Dycas  used  in  the  ex-- 
perimeats.  To  verify  their  zero  points,  the  thermometers  were 
placed  at  the  same  time  in  pure  melting  ice,  and  were  found  to  be 
stationary  at  the  following  points:  Oreiner,  at  +  P  centigrade; 
Bate,  at  34°.6  Fahrenheit;  Fisher,  at  33**  Fahrenheit.  The  error* 
of  the  zero  points  are  therefore,  respectively,  +  1°  cetitigrade^ 
2°.5  Fahren-heit,  and  1°  Fahrenheit..  Two  sets  of  observations  were 
then  made,  one  for  a  constant  temperature  varying  the  Btrength| 
and  another  for  Variable  temperatures  and  a  constant  degree  of 
strength.  The  A][lowing  are  the  observations,  exactly  as  they  were 
made. 

111.  The  temperature  being  nearly  constaint,  and   the   strength 
variable,  descending:: 
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15.6 

25. 

22. 

71.7 

71.5 

64.1 

64.6 

173.5 

60.58 

25.2 

24. 

14.3 

23.7 

22.6 

72.6 

72.6 

59. 

59.5 

150.9 

57.9 

23.1 

22. 

12.3 

21.7 

2i\5 

72.3 

72.2 

55.2 

55.5 

136.5 

61.1 

22.    ' 

20.5 

11.2 

20.3 

22.5 

72.3 

72.5 

49,5 

(•) 

115.6 

67.2 

20.2 

19 

9.2 

1S.2£ 

23. 

73.7 

73.7 

42.5 

(•) 

93.3 

73.6 

18.3 

17.25 

7,2 

15.9C 

23. 

73.5 

73.5 

38.6 

(•) 

81.8 

77.1 

17. 

16.2 

6.2 

*  So  inclined,  owing  to  waat  of  fiymmeLry  of  (brm,  u  to  reader  reading  iapractioaUe. 

These  observations  were  made  under  the  most  favorable  circum- 
stances^  for  both  the  temperature  and  degree  of  strength  were  in  a 
statical  condition  at  the  time  of  reading.    In  the  following  series^ 
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loweyer,  ihe  temperature  ^as  in  a  dynamical  condition,  with  but 
three  exceptions.  • 

1124  The  manner  in  which  the  influence  of  temperature  was  ob- 
gerved  in  these  experiments  was  by  enclosing  the  bellglass^  (a 
large  one|)  containing  the  al«oboJic  solution,  in  another  much 
larger  one,  and  then  filling  the  intervening  space  first  with  hot 
water,  and  subsequently  with  melting  jce.  The  temperature  and 
the  indications  of  the  dilBFerent  hydroipeters  were  read  off  before 
adding  the  hot  water  or  the  ice,  when  the  whole  was  in  a  statical 
condition,  and  again  after  the  mixture  and  the  apparatus  had  ac- 
quired the  temperature  of  the  room.  When  the  temperature  of  the 
liquor  was  in  a  dyn^mrcal  state,  it  was  impracticable  to  read  all 
the  hydrometet-s  before  the  thermometer  indicated  a  diflferent  de- 
gree; it  was  therefore  not  attempted;  and  greater  accuracy  was  at- 
tained by  reading  several  at  intermediate  tempeiatures.  No  ob- 
servations were  made  until  sufficient  time  had  elapsed  to  allow  an 
equilibrium  to  take  place  of  the  ascending  and  descending  currents 
of  different  density,  except  in  so  far  as  they  might  be  produced  by 
the  temperature  of  the  room  and  of  surrounding  bodies. 


Thermometers. 

Hydrometers. 
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1. 

I. 
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1. 
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1 
i 
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1  • 

1 
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a 
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JS 

>^ 

1.^ 

i^ 

S 

g 

§ 

g 

« 

s 

cS 

6 

6 

^ 

•^ 

& 

& 

16<».8  C. 

°F. 

66°F. 

87°.3 

87<>.3 

869.5 

292°.S 

160.2 

3^0.3 

33<»,l 

33'^*4 

84. 

90.5 

90.5 

312. 

10.7 

27.8 

81.7 

81.7 

89.8 

89.8 

.... 

307.6 

12. 

39. 

.... 

*  .... 

•  •  •  • 

81. 

•  • .  • 

.... 

.... 

'. . . . 

..... 

•  •  • . 

■  •  *  . 

35, 

34.3 

26. 

80. 

80. 

89.4 

89.4 

.  •  •  • 

306. 

12.6 

.... 

....J 

*  ■  .i 

• .  •  • 

76.7 

76.6 

88.8 

89. 

88.2 

302.4 

13.3 

38.3 

34.8 

34. 

•  >  ■  • 

76. 

7f . 

38.5 

88.8 

• . .  • 

303.3 

13.6 

38. 

84.6 

34. 

.... 

75. 

75. 

88.6 

88.6 

.... 

301. 

13.8 

38. 

.... 

.... 

19.7 

67.5 

68. 

87.2 

87.1 

86.6 

291. 

16.8 

37.25 

38.6 

33. 

1. 

<•) 

83. 

82. 

82.2 

81.5 

262.8 

24.9 

34.3 

81.3 

ao.5 

38. 

83. 

83. 

.  #• « 

272. 

22.7 

35. 

•  • .. 

•  ••• 

6. 

40. 

83.4 

83.5 

• . . . 

273.5 

22.1 

35.2 

.... 

.... 

•  •  •  • 

• . .  • 

43. 

83.9 

84. 

83.5 

275.7 

21.4 

35.4 

82.5 

.. .« 

8. 

•  *  • . 

i^. 

84«l 

84.3 

•  ■ . . 

277.3 

20.9 

36.6 

38. 

.... 

11. 

50, 

50.2 

85. 

86.2 

• . . . 

282.1 

19.2 

36. 

•  f . . 

«••• 

59. 

59. 

85.7 

86. 

. . . . 

284.6 

18.7 

36.2 

.... 

17. 

60. 

60. 

86. 

U.2 

85.3 

286.6 

18.9 

36.3 

..  •  ^ 

.... 

17. 

60.7 

60.5 

86.1 

• . . . 

.... 

.... 

.... 

33.^ 

32.8 

20. 

68. 

67.5 

87. 

87.1 

86.5 

291.2 

16.6 

37.2 

33.9 

33.3 

*  Scale  warped  so  that  it  ooold  not  be  used. 
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I  have  felt  at  a  loss  to  account  for  the  Oilose  aeoordance  in  these 
experiments  of  the  indications  of  temperature  given,  respeciiyelj, 
by  the  thermometers  of  Bate  and  Fisher;  and  I  feel  inclined  to  sus- 
pect the  observation  of  the  zero  point,  of  Bate's  thermometer,  as 
stated  in  article  llO/  of  inaccuracy.  But  I  was  not  at  the  time 
aware  of  any  error,  if  it  occurred,  as  I  now  suppose  it  probably 
did.  The  centigrade  thermometer  of  Greiner  was  a  laboratory  thex- 
mometer,  not  of  sufficient  sensibility  to  be  read  accurately  withta 
a  quarter  of  a  degree.       * 

The  alcoholometer  of  M..  Gay  Lussae,  made  by  M.  Collardeau, 
who  is  the  hydrometer  maker  to  the  French  government,  appears 
to  be  one  which  was  manufactured  several  years  ago;  and  it  was 
procured,  I  believe,  for  the  Treasury  Department,  by  the  late  Mr. 
Hassler.  I  have  recently  imported  another  instrument  of  the  same 
kind,  and  by  the  same  maker,  and  I  find  them  to  agree  perfectly 
in  their  indications.  The  two  alcoholometers  of  Gay  Lussac,  which 
I  have  recorded  as  of  the  make  of  M.  Pixii,  are  of  very  inferior 
workmanship;  the}rare  not  marked  with  any  name,  and  I  attrfbute 
them  to  M.,  Pixii  solely  because  I  was  told  by  the  importer  that 
they  are  of  his  manufacture,  but  I  may  not  have  been  correctly  in- 
formed. The  pese- esprit  of  Beaum6,  which  I  have  set  down  as  of 
the  manufacture  of  M.  Pixii,  bears  his  name  upon,  its  scale. 

113.  To  render  the  preceding. comparative  observations  more  dis- 
tinct; I  have  reduced  the  indications  of  the  hydrometers  of  Sikes, 
Dycas,  and  Gay  Lussac,  of  the  first  series  of  experiments,  to  their 
equivalent  per  cent^  by  volume  of  absolute  alcohol.  Their  discre- 
pancy is  thus  rendered  manifest. 


Gay  LuBsac. 

Dycas. 

• 



Sikes. 

Gay  Lassac. 

Dycas. 

Sikes. 

•  • .  • 

75.9 

77.7 

62.5 

53. 

53. 

68.6 

68.2 

69. 

46.7 

47.4 

47. 

64.8 

64.5 

65.5 

39.3 

39.9 

39. 

61.7 

61.8 

62.9 

35.3 

36.1 

35 

56.3 

66.5 

56, 

I  do  not  think  there  can  be  any  doubt  which  of  these  instruments 
is  the  most  exact,  for  the  high  and  well-earned  reputation  of  M. 
Gay  Lussac  at  once  claims  for  his  researches  our  credit,  apart  from 
the  simplicity  of  his  hydrometer,  and  its  consequent  perfection* 

114.  From  the  second  serieii  of  observations,  and  the  tables  of 
M.  Gay  Lussac  for  mixing  liquors,  I  derive  the  data  for  the  fol- 
lowing comparison  of  the  reduced  indications  of  the  hydrometer  of 
Oay  Lussac  and  Dycas: 
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G«y  LoMAC. 

DyoM. 

Oay  Liwafto. 

Dyoas. 

GayLntMo. 

Dyoaa. 

Percent. 

Over 

Over 

Per  cent. 

Over 

Over 

Per  cent. 

Over 

Over 

bfwL 

IHTOof. 

proof. 

L 

b^vol. 

prooC. 

proof. 

by  vol. 

proof. 

proof. 

86.16 

54.6 

50.6 

86.16 

64.6 

60.7 

86.06 

64.3 

61.5 

86.76 

65.6 

51.5 

86.81 

53.9 

49.7 

86.4 

54.9 

61.8 

86.4 

54.9 

61. 

86.05 

54.3, 

60.6 
51.9 

86.76 

63.8 

60.8 

66.2 

54.6 

50,7 

86.2 

54.6 

85.86 

64. 

50.3 

86.26 

54.6 

50.7 

86.35 

.  54.9 

51.7 

85.9 

64.2 

60. 

86.15 

54.5 

51.3 

86.35 

54.9 

61.7 

86.9 

64.2 

It  appears,  therefore,  that  there  is  a  discrepancy  of  these  in- 
struments  for  spirits  of  the  strength  us^  in  the  experiments  of 
nearly  4  per'  cent.  An  Equation  for  penetration  or  condensation 
vould  caose  these  ^^over  proofs"  to  accord  i^ery  closely,  but  such 
an  equation  is  not  admissible  for  Dycas's  hydrometer. 

115.  In  cojftclusion,  I  would  add,  that  it  seems  to  be  desirable 
that  a  series  of  accurate  chemical  analyses  should  be  made,  with 
the  Tiew  of  determining  the  nature  and  quantities  of  vegetable  ex- 
tractive matter  contained  in  the  various  distilled  spirits  of  com- 
merce,   and    the    consequent   influence    exerted  upon  the  density. 


others. 


Respectfully  submitted,  by 

RICHARD  S.   McCULLOH. 
Professor  A.  D.  Bache. 


Philadelphia,  August  1,  1843. 

Sib:  Agreeably  to  your  request,  made  known  to  us  through  Dr. 
D.  B.  McGinley  and  Mr.  T.  Stewart,  we  have  undertaken  the 
analysis  of  the  specimens  of  molasses  sent  to  us  by  them,  and  have 
endearored  to  devise  a  practical  method  of  determining  the  quanti- 
ties of  crystallizable  sugar  contained  in  them.  About  to  close  our  la- 
boratory until  the  1st  of  Septeuiber,  we  offer  you  at  present  our  results 
in  regard  to  the  specimens  handed  to  us.  But,  in  order  to  understand 
the  difficulties  attending  the  centrivance  of  a  method  for  ascertain*- 
ing  the  quantity  of  crystallizable  sugar  present,  permit  us  to  make 
the  few  following  remarks: 

Sirups  and  molasses  contain  at  least  two  varieties  of  sugar,  which 
ire  will  distinguish  by  the  names  of  crystallizable  and  uncrystaU 
izable,  or  molasses  sugar,  (sometimes  termed  caramel.)  The  first 
ttay  be  obtained  from  its  solution  in  solid  form,  either  as  an  aggre 
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gatioft  af  iHBall  crystals,  as  in  loaf  sugaf;  or  in  large  crystals,  as 
in  sugar  candy;  or  more  impure,  aa  small  colored  and  loose  crys- 
talline grains,  constituting  tbe  different  varieties  of  brown  sugar. 
(All  brown  sugars  may;  be  refined  into  loaf  sugar,  if  it  otherwise 
pays  tbe  trouble  in  an  economical  point  of  view.)'  Molasses  sugar, 
on  the  other  hand,  is  soluble  in  water,  in  all  proportions,  and  im- 
parts therefore  a  riclier  sweetness  to^  it;  nor  can  it  be  obtained  in  a 
solid  state,  excepting  by  evaporating  its  water  at  a  higher  tempera- 
ture, when  it  forms  a  fused  mass,  which  solidifies,  on  cooling,  into 
al)fown)  hard,  and  gUssy  mass;  it  again  softens  in  the  air  by  at- 
traoting  meisture.  These  (wo  varieties,  of  sugar  are  ascertained  to 
be  entirely  distinct  in  their  compositibn  and  behavior  to  tests. 
Very  slight  chemical  caupes  wiJl  convert  the  former  into  the  latter, 
such  as  heat,  acids,  alkalies,  albuminous  and  other  nitrogenized 
substances,  such  as  are  found  in  vegetable  juices;  while  the  latter 
has  never 'been  restored  to  the  former  or  crystallized  state.  Now, 
where  the  two  are  mingled  together,  as  Jn  most  molasses  and 
sirups,  the  viscid  nature  of  the  tincrystallizahle  sugar  impedes^  the 
separation  of  the  other  in  a  crystalline  state;  tbe  ..presence  of 
foreign  matter,  such  as  sacchulmine,  gum,  extractive  matter,  etc., 
forms  an  increased  binderance  to  the  .separation  of  crystallized 
augar,  its  particles  being  prevented  from  uniting.  In  attempting 
the  removal  of  these  ingredients  by  chetnical  means,  the  reagents 
are  very  apt  to  convert  the  crystallizable  sugar  into  m.olasses  sugar 
— thus  defeating  the  object  in  their  separation.  You  will  hence 
perceive  the  difficulties  of  contriving  a  practical  process  for  the 
quantitative  estimation  of  crystallizable  sugar  in  molasses  and 
mrups,  which  has  not  yet  fally  succeeded,  notwithstanding  the  val- 
uable prizes  offered  by  governments  and  scientific  bodies  to  effect 
this  object. 

It  is  also  evident,  from  the  preceding  remarks,  that  their  value, 
for  the  purpose  of  extracting  crystallizable  sugar  from  them,  de- 
pends not  only  on  the  actual  amount  of  the  latter  in  them,  but  also 
inversely  on  the  amount  of  foreign  substances;  while,  on  the  other 
hand,  molasses,  as  such,  improve  in  quality  by  the  extraction  of 
the  crystallizable  FUgar,  which,  by  separating,  impair  their  trans- 
parency, while  the  purification  which  they  undergo  for  its  separa- 
tion imparts  to  them  a  richer  color  and  taste. 

We  subjoin  the  following  table,  as  exhibiting  the  results  of  our 
experiments; 
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Id  regard  to  th^  first  horizontal  columiif  it  may  b«  remarked, 
that  in  those  specimens  where  sugar  had  settled  at  the  bottom,  it 
was  carefully  stirred  up  with  the  molasses,  before  taking  portions 
either  for  ascertaining  the  specific  grayiiy,  or  for  determining  the 
amount  of  crystallizable  sugar,  &c.  The  specific  gravity  of  the 
supernatant  molasses  would  of  course  be  somewhat  lower;  'The 
second  horizontal  column  is  calculated  from  the  first,  ajid  gives  the 
true  average  weight  of  a  gallon  of  the  whole  hogshead.  Columns 
3  and  4  give  the  comparative  amount  of  extractive  and  other  for- 
eign matter,  and  of  crystallizable  sugar,  in  100  parts  of  the  mo- 
lasses. These  numbers  must  not  be  considered  as  determined  with 
such  scientific  accuracy  as  can  be  obtained  in  other  experiments, 
but  still  to  be  near  enough  to  the  truth  to  afford  a  good  comparison, 
far  practical  purposes,  of  their  content  of  crystallizable  sugar.  The 
last  horizontal  column  expresses  the  apparent  purity  of  the  sugar, 
as  we  obtained  it  in  our  experiments  from  the  different  specimens. 

Specimens  Nos.  2,  3,  13,  and  15,' exhibited  no  appearance  of  any 
deposition  of  sugar  in  them.  In  No.  21  there  is  a  slight  deposi- 
tion, and  also  a  small  one  in  Nos.  1>  10,  20,  and  19,  vfhile  the  de- 
position in  Nos.  4  and  5  is  more  considerable,  and  quite  large  in 
No.  6. 

The  greater  or  less  specific  gravity  depends  on  the  quantity  of 
uncrystallizable  sucar,  and  foreign  matter,  both  of  which  are  more 
soluble  than  crystallizable  sugar,  and  therefore  increase  as  the  mo- 
lasses are  concentrated.  The  more  of  the  molasses  sugar  th^y  pos- 
sess, the  higher  is  therefore  their  specific 'gravity,  (column  1;)  t}ie 
greater  the  amount  of  foreign  matter,  (column  3;)  and  the  smaller 
the  amount  of  crystallizable  sugar,  (column  4;)  and  in  the  same 
proportion  is  the  latter  more  difficult  t6  separate,  and  of  inferior 
quality,  (column  5). 

We  have  been  informed,  from  respectable  sources,  that  the  man- 
ufacture of  inferior  sugars  from  West  India  molasses  has  been  car- 
ried 00  formerly  when  brown  sugar  sold  at  a  high  price.  The 
amount  obtained  was  from  30  to.  35  per  cent,  but  it  was  only  from 
such  molasses  as  had  not  been  left  long  enough  to  deposite  all  its 
sugar,  or  from  lack  of  strength  in  the  sugar,  or  from  carelessness, 
had  carried  away  with  it  the  finer  particles  of  the  sugar.  The 
highest  amount  obtained  was  35  per  cent,  while  some  of  the  New- 
Orleans  molasses  were  said  to  yield  none.  Another  not  unimpor^ 
tant  object  in  this  manufacture  is  the  improvement  of  the  molasses 
by  the  separation  of  the  sugar  and  the  purification  which  it  under- 
goes for  the  purpose,  as  mentioned  above* 

We  are  indebted  to  Mr.  T.  Stewart  and  Dr.  D.  B.  McGinley  for 
the  followifig  information  in  regard  to  the  amount  of  sugar  Ob- 
tained from  molasses,  as  carried  on  at  the  present  time  in  this  city. 
Cienfuegos  (Cuba)  molasses,  weighing  11|  pounds  to  the  gallon, 
yielded  from  400  to  500  pounds  of  sugar  to  the  hogshead*.  Sup- 
po9iog  the  hogshead  to  contain  1525  gallons,  this  would  be  from  27 
to  34  per  cent.  A  single  hogshead  of  the  same  cargo  should  have 
yielded  as  much  as  909  pounds,  or  about  41  per  cent.     Other  (Por- 
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to  Rico)  molasses  yield  3  to  4  pounds  to  the  gallon,  or  from  S6  to 
34  per  cent.  The  better  varieties  of  molasses  sugar  are  worth  6 
ceat*  per  pound.  The  molaasea  lofte  aboutofte-third  by  this  process. 

Respectfully  youra, 

JAMES  C.    BOOTH, 
MARTIN  H.  BOYE. 
Calvin  Bltthe,  Esq., 

Collector  of  the.  port  of  Philadelphia. 
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44 
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29 
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13 

1.0504 
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1.0600 

32 
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16 
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33 
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50 
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17 
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!      34 

1 

1. 1484 

51 

K2378 
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Constructed  by  M,  Franc(Burj  showing  the  correspondence  of 
the  degrees  of  Beaupi^^s  hydrometers  with  specific  gravities 
at  64 i®  Fahrenheit. 
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Showing  the  discordant  results  of  different  observers,  obtained 
by  experimental  comparison  of  Beautni^s  hydrometers  with 
specific  gravities  at  64^®  Fahrenheit, 
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elative  to  frauds  in  recent  imfortutions  of  sirups  and  niolasstf 
frovk  ths,  West  India  islands^  and  the  measures  necessary  to  be 
4idopted  to  prevent  tiieir  recnrrtnct* 


August  3,  1846. 
Read,  and  ordered  t^  be  printed. 


Tekasvby  Dsfa&tm£nt,  July  31^  1846. 

Sir:  In  compliance  with  the  resolution  of  the  Senate,  dated  the 
I6th  ultimo,  instructing  the  Secretary  of  the  Treasury  "to  report 
0  the  Senate  such  proofs  as  may  be  in  his  department  as  to  the 
rauds  reported  to  have  been  committed  by  recent  importations  from 
he  West  India  islands  into  the  port  of  New  York,  and  other  ports 
»f  the  United  States,  of  sirups  as  molasses,  and  to  report  such  mea- 
sures as  may  be  necessary  to  guard  against  such  frauds,"  I  hare 
'  e  honor  to  submit  the  follolnring  enutuel'ated  papers  from  the  files 
'*  this  department: 

First.  Report   from   Professor  A.   D.  Bache,  superintendent   of 

,'ights  and  measures,  &c.,  communicating  a  report  addressed  to 
bim  by  Professor  R.  S.  McCullob,  charged  with  researches  in  re- 
gard to  sugars,  sirups,  and  molasses,  '^  on  the  chemical  nature  of 
(u^stances  imported  into  the  United  States  under  the  name  of  mo* 
lasies,  with  the  view  of  uefrauding  the  rerenue,"  (marked  A.) 

Second.  Reports  from  the  several  custom-houses  at  which  impor- 
tations of  molasses  appear,  from  the  records  of  the  department}  to 
have  been  recently  made,  (numbered  1  to  19.) 

Third.  Communication  from  Messrs.  Holt  &  Owen >  importers  of 
m  lasses  at  New  York,  with  certificate  of  dealers  in  the  article^ 
(numbered  20.) 

It  will  be  perceived,  by  the  statements  of  the  officers  of  the  cu9* 
jms,  that  no  case  of  fraud  is  reported  as  having  occurred  at  either 
of  the  ports.  A  similar  investigation  having  been  instituted  under 
the  direction  of  Secretary  Spencer,  in  May,  1843,  the  same  result 
appears  to  have  taken  place,  as  shown  by  the  reports  from  the  cas« 
tom-houses,  contained  in  Senate  document  No.  12,  28th  Congress^ 
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Sd  session,  to  which   the  Senate  is  respectfully  referred,  as  con- 
nected with  this  subject. 

From  the  reports  and  accompanying;  documents  now  presentedf 
by  the  collector  of  New  Yorky(Nos..  8,  9,)  to  which  port  the  par- 
ticular attention  of  the  department  was  called  by  representations- 
made  by  Mr.  W.  F.  Wilkins,  and  the  certificate  of  dealers  in  mo- 
lasses, submitted  by  Messrs.  Holt  k  Owen^  (No.  20,)  it  will  be  ob* 
served  t^al,  wliile  the  officers  of  the  custcnCs  and  persoss  in  trade 
concur  in  the  opinion  that  the  importations,  in  regard  to  which  the 
special  inquiry  and  examination  were  directed,  were  -generally  re- 
cognized and  known  in  trade  as  molasses,  the  chemical  analyses  of 
Dr.  ChiltoA  and  Dr.  Thomas  show  th^t  proportions  as  high  as* 
58.25  per  eent«  of  crystailisable  or  oane  sugar  were  contained  in 
some  specimens  of  the  articles  so  recognized  in  trade.  In  regaril 
to  these  importations,  Dr.  Chilton  states  that  in  his  analyses,  dur- 
ing the  last  three  or  four  years  past,  of  various  samples  of  molasses 
which  had  come  to  the  port  of  New  York  from  Cuba  and  other 
ports  of  the  West  Indies,  he  almost  uniformly  found  them  to  con- 
tain from  65  to  75  per  cent,  of  pure  saccharine  matter,  although 
not  all  in  a  crystallizable  state;  and  that  the  articles  of  Nuevitas- 
molasses,  the  subject  of  the  recent  special  examination,  were  found 
to  be  nearly  th«  same  as  those  he  had  previously  analyzed. 

The  report  of  Pro(essor  McCulIoh,  now  submitted,  (A,)  will  be 
found  to  contain  mucjb  to  illustrate  the  subject.  It  is  the  second 
of  a  series  oi  reports  by  Mr.  McCulioh;  the  first  presenting  mveb 
valuable  information,  being  contained  in  Senate  document  No*  165^ 
28th  Congress,  2d  session,  and  the  third  and  final  report  being  aow~ 
in  course  of  preparation.  Until  the  completion  of  the  views  on 
this  importanjt  subject  to  be  ofFexie^d  to  t^e  department,  it  is  not 
decked  advisable  to  submit  apy  suggestion  as  to  further  legisla- 
tion. From  the  close  likeness  of  sirop  de  batterie  to  molasses  of 
a. good  quality,  as  shown  in  the  reports  submitted,  the  former,  in 
some  instances,  and  to  a  small  extent,  may  have  been  passed  for 
the  latter  article.  Under  the  increased  vigilance  of  the  custom- 
house officers  now  exercised,  it  is  not  likely  tl^at  cases  of  a  similar 
nature  can  again  occur  while  the  present  tariff  is  in  force;  and  the 
new  tariff  act,  which  will  go  into  operation  on  the  1st  of  Decem- 
ber next,  by  placing  sirups  and  molasses  under  the  same  rate  of 
duty,  will,  it  is  conceived,  effectually  remove  any  incentive  to  at- 
tempts at  fraud  or  evasion  of  the  legal  duty  on  the  articles  in  ques- 
tion. 

All  which  is  respectfully  submitted. 

R.  J.  WALKER, 
Secretary  of  the  Treasury^ 

Hon.  George  M.  Dallas, 

Vice  President  of  the  United  States^ 

and  President  of  the  Senate.    . 
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Offics  of  Weights  and  Mkasuaes^ 

'    July  28,  1846. 

Sia:  I  haye  the  honor  to  transoiit  a  r«port  from  Professor 
Richard  S.  McCaUoh,  charged  bj  the  department  with  researches- 
in  regard  to  sjigars,  sirups,.  &c,y  furnishing  information  upon  the 
subject  referred  to  in  the  resolution  of  the  Senate  of  June  26thj  ia 
relation  to  the  importation  of  sirups  as  molasses. 
Very  respeptfully,  yours, 

A.  D.  BACHE, 
Stifi.  Weights^  Measures^  and  Jiala%c$i^ 
Hon,  Robert  J.  Wai^keb,' 
/  Secretary  of  the  Treasury » 


Fhiladeufhia,  July  20,  1846. 

Sir:  In  reply  to  your  letter  of  the  16th  instant,  requestirfg  me 
to  furnish  whatever  information  I  may  have  obtained  in  relation  to* 
the  chemical  nature  of  substances  imported  into  the  United  States 
under  the  name  of  molasses,  and  witii  the  view  of  defrauding  the 
revenue,  I  respectfully  submit  the  following  report: 

It  has  been  alleged,  as  you  are  aware,  that  large  quantities  of 
sirup,  composed  of  sugar  dissolved  in  water,  or  of  concentrated 
cane  juice  from  which  sugar  has  not  been  manafactnred,  are  im- 
ported into  the  United  States  under  the  name  of  molasses;  also^ 
that  these  sirups  are  afterwards  evaporajted,  and  the  Sugar  thus  ob- 
tained either  sold  as  mus(iovado,  or  refined,  aud  sometimes  even 
exported  with  allowance  of  drawback.  And  in  this  manner,  it  i» 
supposed,  extensive  frauds  are  perpetrated  on  the  revenue. 

By  reference  to  Senate  Document  No«  12,  2d  session  2Bth<7on« 
gress,  it  will  be  seen  that  the  Hon.  J.  C.  Spencer,  then  Secretary 
of  the  Treasury,  by  a  circular,  dated  May  12,  1843,  called  the  par* 
ticular  attention  of  the  collectors  of  the  principal  ports  to  tl^is  sub* 
ject,  and  directed  them  to  oause  examinations  and  analyses  to  be 
made  to  detect  any  frauds  that  might.  b«  committed.  By  the  same 
document  it  also  appears  that  this  duty  was  fully  and  faithfully 
discharged  by  the  revenue  officers',  and  that  much  valuable  infor- 
mation was  in  consequence  obtained,  all  of  whieb  is  given  in  de* 
tail  in  the  document  above  cited. 

Statements  had  been  made,  by  persons  supposed  to  be  practically 
familiar  with  sooh  subjects,  that  sirup  of  sugar,  er  concentrated 
eane  juice,  would  be  found  to  beheavic^  than  molasses;  and,  there- 
fore, that  if  the  duty  on  molasses  were  levied  per  pound  instead 
of  by  gallon,  sneh  frauds  as  the  abovementioned  would  be  rendiered 
impractieable*  In  consequenee  of  these  statements,  the  duly  of 
four  and  a  balf  mills  per  pound  was  laid  on  molasses  by  the  tauff 
act  of  1842,  instead  of  a  duty  levied  per  gallon,  as  before. 

Kpt  the   leaet  valuable .  result  arrived  at  by  the  investigations 
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vhich  were, made  in  obedience  to  the  aborementioned  circular  of 
the  Secretary  of  the  Treasury  was  the  knowledge  that  the  above 
«tatementS|  which  cauaed  a  change  in  the  mode  of  levying  duty  on 
moIasseSy  had  been  made  in  ignorance  and  error;  for  the  specimens 
of  molasses  which  were  examined  were  found  to  be  specifically 
heavier  than  those  of  sirup,  with  which  they  were  compared. 
And,  also,  it  was  observed  that  of  any  two  varieties  of  molasses, 
that  containing  the  larger  proportion  of  crystallizable  augar  had 
usually  the  least  specific  gravity. 

But  though  the  inquiries  instituted  by  the  Secretary  of  the 
Treasury  led  to  such  important  facts  as  I  have  just  mentioned,  they 
failed  to  expose  any  frauds,  and  seemed  to  render  the  existence  of 
fraudulent  importations  of  sirup  highly  ipiprobable.  The  large 
importations  and  seizures  of  «irup  at  New  Orleans,  in  1831,  having 
aroused  the  vigilance  of  the  ofiBcers  of  the  revenue,  and  caused 
suitable  legislation  by  Congress,  it  is  most  unlikely  that  any  exten- 
sive frauds  had  been  even  attempted. 

But  the  Treasury  Department,  not  content  merely  with  the  lim* 
ited  examinations  it  had  caused  to  be  made,  by  a  circular  addressed 
August  12,  1845,  by  the  First  Comptroller,  to  the  collectors  of  the 
ports  of  New  York,  Philadelphia,  Boston,  and  Baltimore,  directed 
them  to  have  specimens  taken  of  every  lot  or  cargo  of  molasses 
which  should  arrive  from  any  foreign  port  within  si^ty  days  after 
the  receipt  of  the  circular,  and  to  send  those  specimens  to  me  in 
Philadelphia  for  chemical  analysis. 

la  making  these  and  other  scientific  researches,  I  h^ve,  as  you 
are  aware,  been  assisted  by  J.  B«  Reynolds,  esq.,  a  young  chemist 
of  great  ability,  and  whose  analyses  are  entitled  to  entire  confi- 
dence, both  by  reason  of  his  careful  manipulations  and  the  expe- 
rience he  has  acquired  in,  op-tical  analysis.  And  to  him  was  intrus- 
ted their  uninterrupted  prosecution  while  I  was  absent,  during  the. 
winter,  in  Louisiana  and  in  Cuba,  to  which  places  I  went,  in  com- 
pliance with  your  instructionSj  to  make  chemical  analyses  of  cane 
i'uice  and  other  substances,  and  to  obtain  such  information  as  might 
>e  valuable  either  in  the  administration  of  the  revenue  laws,  or  in 
rendering  better  understood  the  processes  employed  in  the  manu- 
facture of  cane  sugar.  I  hope  shortly  to  present  to  you  a  full  and 
final  report  of  the  investigations  with  which  we  have  been  charged; 
some  finalyses  are  still  to  be  made,  and  I  have  not  yet  had  sufiicient 
time,  since  my  return,  to  give  a  detailed  account  of  the  work  per* 
formed.  In  the  present  partial  report,  I  shall  therefore  set  forth 
only  those  facts  which  relate,  directly  or  indirectly,  to  the  nature 
of  the  substances  imported  into  the  Un-ited  States  as  molasses,  and 
defer  all  other  matters  until  I  shall  submit  to  you  the  abovemen- 
tioned  final  report,  which  is  already,  in  part,  written,  and  will  be 
0Oon<  finished. 

The  results  of  the  analysis  of  sixty *five  speeimens  of  molasses 
and  sirup  are  embodied  in  the  following  tabJ«s,  Nos.  I,  II,  III,  and 
IT,  together  with  such  information,  with  respect  to  the  place  of 
production  and  importation,  the  quantity  imported,  the  taste,  the 
color,  the  specific  weight,  the  angles  of  polarization,  and  the  per 
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cent,  of  cane  sugar  contained,  as  will  be  sufficient  to  enable  you  to 
form  a  correct  idea  of  each  variety. 

In  table  V,  I  gire  the  results  of  the  analysis  of  seren  sedimentSi 
taken  from  casks  in  which  some  of  the  molasses  analysed  was  im* 
ported. 
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TABLE  V. 
Sediments  from  molasses. 
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No. 

Color. 

CoDsistenM. 

:  Grain. 

•a 

1 

1' 

fi 

Where  froBiu 

1 
2 
3 
4 
5 
6 
7 

I>ai^.... 

Fellow... 
Dark.... 
Dark*... 

Light.... 
Light.... 
Light.... 

Graonlar  ....• 

Halfgranalar. 
flair  granular. 
Granatar..... 

Graaotar 

Pas  Mr ,. 

HalfgrtniilaT. 

Strong ., . 
Good..,. 
Goo4.... 
Stroag... 
Stjroog.*. 
Find..... 
Good.... 

87.25 

7I.S6 
73.31 
68.00 
77.6^ 
78.86 
71.97 

35 
34 
38 
37 

44 
33 
45 

Xaevitav 

Nuevitaa. 

Poace,  Porto  Rico. 

PorfD  A&oo. 

Majragoee. 

Nuevitas. 

Mayague«: 

It  appears  from  these  results  that  density  furnishes  no  indicar 
tioQ  of  the  proportion  of  crjstallizable  sugar  contained  in  molasses^, 
and  that  sirop  de  bmtterie  is  specifically  lighter  tham  most  of  tlie 
specimens  of  molasses  analyzed;  thus  confirming  by  more  numeroua 
analyses  the  facts  already  set  forth  io  Senate  document  No^  13^  2d 
session,  28th  Congress. 

These  analyses  also  show. that  West  India  molasses  usually  con- 
tains about  52  per  cent,  of  cane  sugar^  while  sirop  4e  batierie^  and 
the  sirup  which  drips  froin*tbe  loaves  of  refined  sugar  in  refineries 
using  Howard's  vacuum  pan  and  animal  charcoal,  contain  about  6(> 
per  cent.  New  Orleans  molasses  wan  also  found  to  contain  52 
per  cent. 

The  strop  de  batierie  analyzed  was  obtained  hy  me  in  person 
from  the  boiling  house  on  the  Saratoga  sugar  estate  near  Matan- 
2as,  belonging  to  Drake,  Brothers  k  Co.,^nd,it  is  a  perfectly  sat* 
urated  solution,  for  it  had  deposited  an  abundant  crop  of  crystals 
of  sugar  in  the  bottle  which  contained  it.  It  is  quite  dark  colored^ 
of  specific  gravity  .1.337,  and  of  a  sweet,  slightly  vinous  taste.  It  is 
so  much  like  the  better  varieties  of  molasses,  that  I  am  ^re  it  would 
be  mistaken  for  molasses  by  any  except  experienced  judges.  Here**^ 
with  I  send  you  a  specimen  of  this  article,  together  with  a  speci- 
men of  genuine  Muscovado  molasses,  with  which  it  may  be  com- 
pared in  taste  and  appearance.   . 

Daring  my  stay  in  Cuba  I  took  pains  to  ascertain  not  only  whe- 
ther fraudulent  importations  of  sirop  de  batierie  from  that  island 
into  the  United  States  do,  but  whether  they  might  readily,  OGcur^ 
and  I  am  satisfied  that  sirop  de  batierie  both  can  be,  and  is.  in 
small  quaniiiiesj  imported  as  molasses,  for,  as  abpve  stated,  they 
resemble  each  other  most  closely.  In  molasses  there  is  almost  al- 
ways a  slight  burnt  flavor,  often,  however,  so'delicate  as  tp^be 
barely  perceptible,  "while  sirop  de  baiierie  is  destitute  there'of. 
This  might,  however^  be  easily  imparted  if  desired,  by  mixture 
with  »  small  quantity  of  highly  flavored  molasses.  I  also  learned 
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in  Cuba,  upon  good  autbority,  that  mvch  of  tbe  highly  eiteetned' 
*'  Nucvitap.  molassei"  is  girop  de  baittrie^  which,  as  a  more  beauti- 
ful and  re&ned  table  article,  readily  commands  a  good  price  with 
grocers  to  a  limited  extent,  the  demand  for  it  being  small. 

Of  all  the'speeimens  of  ^'molasses''  submitted  to  me  for  nnnlysis,. 
there  are  but  two  which  I  consider  to  be  sirup;  and  these  were  im- 
ported as  "  Nuevitas  molasses"  into  the  city  of  New  York.  Whe- 
ther they  paid  duty  as  molasses,  I  hare  not  been  informed  by  the 
rerenue  officers  who  sent  th^m  to  me.  They  are  Nos.  34  and  35  of 
these  analyses.  Table  V  also  shows  that  the  sediment  from  No. 
35  was  composed  of  87  per  cent,  of  pure  cane  sugar;  and  when  it 
is  borne  in  mind  that  this  sediment  was  a  mass  of  solid  particles 
intermixed  with  molasses  or  sirup,  it  follows  that  those  solid  parti* 
cles  were  most  probably  sugar  only,  and  of  excellent  quality.  Of 
this  variety  there  were  but  seven  casks  imported,  a  small  quantity 
intended  probably  for  table  use  only.  I  send  herewith  a  specimen,, 
which  you  may  compare  with  the  other  specimens  sent. 

Much  vagueness  of  opinion  has  heretofore  existed  as  to  what  it 
the  chemical  nature  of  molasses.     Whether  it  is  a  solution  of  de- 

frraded  sugar  rendered  incapable  of  crystallization,  and  this,  I  be- 
lere,  has  been  the  most  generally  accepted  theory;  or  whether  it 
is  itself  some  peculiar  species  of  liquid  sugar,  or  sirup  rendered' 
nncrystalli^able  by  the  presence  of  salts  and  other  impurities.  But 
the  fact  that,  after  performing  a  sea  voyage  and  undergoing  con- 
siderable alcoholic  and  even  acetous  ferment^ation,  molasses  con- 
tains generally  52  per  cent,  of  crystallizable  sugar,  and  yields  by 
partial  evaporation,  a  second  crop  of  crystals  of  cane  sugar,  equal 
in  weight  to  35  per  cent,  of  the  niolasses,  establishes,  I  think, 
beyond  question,  tbe  fact  that  molasses  is  only  an  impure  solution 
of  crystallizable  sugar  in  water;  the  impurities  being  the  saline 
and  vegetable  extractive  matters  existing  in  the  cane  jnice.  And* 
if  it  be  asked,  what  then  is  the  chemical  difference  between  mo- 
lasses and  sirop  de  batterie?  I  would  reply,  none.  Yet  strop  dt 
hatterie  being  the  concentrated  juice  before  granulation,  and  mo- 
lasses the  mother  liquor  after  granulation,  the  impurities  probably 
exist  in  larger  proportion  in  the  latter,  for  the  reason  that  crystal- 
lization has  served  to  purify  as  well   as  extract  the  sugar. 

But  though  small  quantities  of  sirop  de  batterie  may  have  been 
fraudulently  imported  for  table  use,  it  is  in  the  highest  degree  im- 
probable that  any  extensive  fraud  should  lately  have  been  thus 
committed  with  the  object  of  extracting  sugar  from  such  sirups; 
for  genuine  molasses,  as  shown  by  these  analyses,  contains  52  per 
cent,  of  cane  sugar,wbile  sirop  de  batterie  contains,  when  saturated, 
60  per  cent,  only;  and  the  former  sells  at  much  lower  prices.  It  is 
not,  therefore,  the  interest  of  persons  engaged  in  manufacturing 
sugar  from  molassses  to  buy  sirup,  from  which  they  can  extract  but 
litile  more  sugar  than  they  can  and  do  from  molasses.  Besides,  it 
is  more  profitable  and  desirable  to  the  planter  of  Cuba  to  extract 
and  self  his  sugar  than  to  work  his  crop  up  into  sirop  de  batteriey 
{br  the  reason  that  Cuba  sugars,  being  of  a  dry,  firm  grain,  drain 
very  little,  and   are  therefore  always  sold   readily   and    at   good* 
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prices,  -while,  sirop  de  hatUrie  is  a  yery  perishable  article,  can- 
not be  kept  without  fermentation,  and  is  consequently  but  little  in 
demand. 

That  under  the  existing  tariff,  which  levies  on  raw  sugar  the 
duty  of  two  and  a  half  cents  per  pound,  and  on  molasses  a  duty 
equivalent  to  about  five  cents  per  gallon,  considerable  quantities 
of  molasses  should  have  been  evaporated,  is  certainly  not  surpri- 
sing; for  it  has  long  been  known  to  the  sugar  refiners  that  molasses. 
thus  yields  about  35  per  cent,  of  sugar.  Hence  from  each  gallon 
three  and  a  half  pounds  may  be  obtained,  on  which  the  duty  of 
five  cents  would  have  been  paid,  instead  of  eight  and  three  quarter  , 
cents,  the  duty  payable  on  three  and  a  half  pounds  if  imported  as 
sugar. 

The  fact  that  molasses  may  be  thus  profitably  evaporated,  seems,, 
until  lately,  to  have  been  but  little  understood  by  the  planters* 
Accustomed  to  regard  it  as  a  refuse  article,  containing  no  sugar  of 
which  the  grain  Wjis  not  destroyed  by  the  fire,  they  seem  not  ta 
have  thought  it  worth  while  to  re-boil  it.  During  the  past  year, 
however,  the  molasseson  the  Lizardi  plantation  in  Louisiana  is  said 
to  have  yielded,  by  re-boiling,  40  per  cent«  of  excellent  sugar;  and 
other  planters  have  devoted  attention  to  this  subject.  I  have  also. 
seen  on  an  estate  near  Guinea,  in  Cuba,  using  vacuum  pans,  the 
entire  crop  majiufactured  into  but  two  qualities  of  the  very  best 
sugar^  t/anco  j^rtmera  and  quebrado  Jloretey  the  latter  being  obtain- 
ed exclusively  from  jnolasses. 

At  present,  there  are  known  to  me  three  refineries  in  New  York, 
two  in  Philadelphia,  one  in  Portland,  Maine,  and  one  in  Baltimore, 
which  make  it  their  business  to  evaporate  molasses.     Others  may 
exist  of  which  I  have   not  heard.     .Of  the  amount  df  their  opera- 
tions I  have   no  knowledge.     £ut  from  my  acquaintance  with  the 
extent  of  business  and  scale  of  magnitude  of  other  refineries,  and 
from  thos^  of  the  abovementioned  establishments  which  I  have  vi- 
sited, I  should  suppose  them  capable  of  producing  5,000  hogsheads 
of  l,0001bs.;.  in  all,  say  35,000  hogsheads  of  good   brown   sugar. 
Yet  this  estimate  may   be  either  greatly  below  or  above  their  ac- 
tual working.     As  hearsay  only,!   give  the  statement  which   was 
made  to  me  by  a  grocer  of  New  York,  that  the  three  refineries  there 
evaporate    1,000  hogsheads  of  molasses   per   week,   which   would 
amount  to  the  manufacture  of  about  25,000  hogsheads  of  sugar  per 
annum.     Thisl  should,  however,  deem  very  improbable.    But  even 
estimating  the    whole    amount  of  sugar  thus  manufactured  in  the 
United  States  at    35,000  hogsheads,  it  is    evident   that  this  branch 
of  industry  has  acquired  a  magnitude  and  an  importanx:e  which  the 
Louisiana   planter   may   w<:ll   regard   with   attention,    if  not  with 
Boxne   anxiety.     For  the   Louisiana    crop  being  only  200,000  hogs- 
heads,  it   follows  that   there  is  produced  and  sold  in  competition. 
therewith,  in  our' home  markets,  a  quantity  of  molasses  sugar,  or 
^'clarified  sugar,"  as  it  is  called  by  the  grocers,  exceeding  one-sixth 
of  that  crop. 

Whettier    or    not  this  business  of  making  sugar  from    molasses 
should  be  fostered  or  checked  by  Icgislatipn,  is  a  matter  to  be  left 
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to  those  to  decide  to  whom  this  and  other  questions  of  interest  and 
policy  are  by  the  people  intrusted.  But  it  can  only  be  arrested 
by  levying  on  molasses  ai  higher  relative  duty  than  it  n  now  sub* 
ject  to  in  comparison  with  the  duty  on  raw  sugar. 

It  has  been  reported-that  there  exists  near  Matanzas,  on  the  river 
Uremi,  a  mysterious  establishment,  said  to  be  used  for  converting 
sugars  into  sirup.  The  only  foundation  of  this  I  suppose  to  be  the 
fact,  that  there  is  a  large  sugar  refinery  s«  situated^  I  have  been 
through  it,  and  can  bear  witness  to  its  being  simply  a  sugar  re- 
finery, employing  Howard's  vacuum  pans,  bone  black,  and  the  usual 
accompanying  machinery  and  fixtures.^  It  formerly  beJonged  to  a 
company,  but  is  now  the  property  of  an  intelligent  and  enterpri- 
sing gentleman,  Mr.  Adams,  who  has  long  conducted  it.  This  also 
is,  I  believe,  the  only  sugar  refinery  at  present  in  the  island  of 
Cuba.  Formerly,  however,  and  in  connexion  with  the  importa- 
tions of  sirup  in  183i,  at  New  Orleans,  Mr.  Goodale,  then  and 
now  a  refirer  of  that  city,  caused  to  be  built  at  Matanzas,  as  I  have 
been  told  by  himself  and  by  persons  residing  near  Matanzas,  a  house 
furnished  with  a  train  of  pans  for  dissolving  sugar  in  water.  The 
sirup  thus  formed  was  the  article  he  imported,  and  which  was  seized 
by  tne  collector  of  New  Orleans.  Mr.  Goodale  had  thus  expended 
several  thousand  dollars,  believing  that  he  could,  under  the  then 
existing  laws,  introduce  sirup  with  profit  and  without  liability  to 
seizure.  But  the  loss  he  sustained,  in  consequence  of  the  seizures 
of  his  sirup,  the  costs  of  suits  in  which  he  became  involved  with 
the  government,  and  the  sacrifice  of  property  he  was  obliged  to 
make,  effectually  put  an  end  to  his  operations.  Whether  the  build- 
ing used  by  Mr.  Goodale  for  such  purposes  was  on  the  river  Uremi, 
or  where  it  was  in  Matanzas,  I  know  not;  but  perhaps  it  is  the 
mysterious  building  to  which  the  abovementioned  report  has  re- 
ference. 

The  method  employed  for  these  analyses  of  molasses,  sirups, 
sediments,  &c.,  is  that  by  means  of  circular  polarization,  which  I 
have  fully  described  and  explained  in  a  former  report,  published  in 
Senate  document  No.  165,  2d  session,  28th  Congress,  to  which  I 
beg  leave  to  refer.  This  method  I  believe  to  be  open  to  no  ob- 
jection. Some  chemists  of  but  little  experience  in  the  manipu^ 
lations  it  requires,  have  supposed  it  to  require  longer  time  than 
analyses  generally  do.  But  I  have  found  it  practicable  to  make 
readily  four  analyses  in  twenty-four  hours,  which  is  a  larger  num- 
ber than  can  generally  be  made  by  the  usual  manipulations  of 
filtration,  precipitation,  et  cetera.  Besides,  optical  analysis  has 
the  advantage  of  employing  a  characteristic  property  of  cane  sugar 
without  first  subjecting  it  to  the  action  of  heat  or  of  chemical  re- 
agents, which  would  convert  a  part  of  the  sugar  into  substances  of 
a  different  nature. 

The  manipulations  and  calculations  were  substantially  identical 
with  those  given  and  fully  set  forth  in  my  former  report.  It  was, 
however,  found  that,  in  decolorizing  the  solutions,  a  slight  quan- 
tity of  subacetate  of  lead  is,  in  some  cases,  very  useful;  and  as  it 
has  no  effect  upon  the  cane  sugar  contained,  I  did  not  hesitate  in  a 
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few  instaaces  to  employ  it.  The  acid  for  iaversion  ws^s  added  bf 
measure  io  a  graduated  tube,  and  not  a%  formerly  by  weight,  tl^e 
volume  thereof  beiri^;  thus  determined  with  sufficient  exactness. 
The  formulas  were  the  same,  but  some  simplifications  were  intro- 
duced in  the  calculations  with  economy  both  of  time  and  labor* 
This  was  done  by  rendering  constant  the  quantities  employed; 
variations  thus  occur  only  by  reason  of  specific  differences  in  the 
specimens  subjected  to  annalysis. 

I  am,  very  respectfuly,  your  obedient  servant, 

RICHARD  S.  McCULLOH. 
To  Professor  A.  D.  Bache, 

•  Superintendent  of  Weights  and  Measures^  tfc. 


No.  1. 


CoLLu's  Off.jDist.  op  Portland  and  Falmouth, 

Portland,  June  30,  1846. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  27th  instant,  requiring  me  to  report  whether  frauds  hare 
been  {practised  or  attempted  at  this  port  of  importing  sirups  as 
molasses,  and  to  give  my  views  of  the  measures  necessary  to  pre- 
vent a  recurrence  of  such  frauds. 

No  such  frauds  have  ever  been  practised  or  attempted  in  this 
district  since  I  have  had  charge  of  this  office.  If  such  frauds  are 
practised  any  where,  which  I  much  doubt,  tjhey  are  committed  with 
the  knowledge  and  consent  of  the  gauger,  for  the  appearance  of 
these  sirups,  as  I  am  informed  by  ship-masters,  is  as  different  from 
molasses  as  is  that  of  honey. 

Let  there  be  a  forfeiture  of  vessel  and  cargo  for  all  such  attempts, 
and,  if  the  gaugers  do  their  duty,  thev  will  cease. 

I  have  the  honor  to  be,  sir,  with  great  respect,  your  obedient 
servant, 

JOHN  ANDERSON,  Collector. 

Hon.  Robert  J.  Walker, 

*         Secretary  of  the  Treasury ,  Washington. 


No.  2. 


Collector's  Office,  Boston,  June  30,  1846. 

Dear  Sir:  Your  com.munication  of  the  27th  instant,  covering  a 
resolution  of  the  Senate  of  the  day  before,  was  received  this  morn- 
ing, I  immediately  called  on  the  surveyor  of  this  port  for  a  re- 
port in  answer  to  your  inquiry,  a  copy  of  which  I  sent  him.  I  now 
haye  the  pleasure  to  enclose  his  report. 

I  will  also  add  that  I  have  madei  inquiries  of  other  officers  in 
this  department,  and  am  fully  satisfied  of  the  entire  correctness  of 
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bis  statement.  Indeed,  I  learn  that  but  a  single  instance  of  the 
importation  of  sirup  ha»  been  made  in  this  port  for  two  or  three 
years  past.  And  all  the  officers  fully  agree  in  the  most  entire  con- 
viction that  no  fraud  of  the  kind  referred  to  has  been  practised  in 
this  district. 

I  am«  very  respectfully,  your  obedient  servant,    . 

MARCUS  MORTON,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Trtasury^  Washington^  D,  C, 


SuBVEYOR*s  Office,  June  30, 1846. 

Dear  Sir:  In  answer  to  your  letter  of  this  date  relative  to  frauds 
having  been  committed  upon  the  revenue  in  New  York  and  other 
ports,  by  importing  sirups  under  the  name  of  molasses,  I  can. only 
say  that  I  am  very  cert;ain  that  nothing  of  thekind  has  taken  place 
here.  I  have  often  called  the  attention  of  the  gaugers  to  this 
subject,  and  they  assure  me  that  there  has  never  been  a  fraud  or 
an  attempt  at  one  in  that  article. 

Yours,  very  respectfully,  . 


To  the  Collector,  Port  of  Boston, 


J.  McNIEL,  Sur^yor. 


No.  3. 


Collector's  Office,  Custom-house, 

Salem^  Mass.y  July  2, 1846, 

Sir:  In  answer  to  your  communication  of  27th  ultimo  respecting 
importations,  of  sirups  as  molasses,  I  have  to  state  that  I  am  not 
aware  of  anything  of  the  kind  having  taken  place  at  this  port. 

Nearly  all  the  molasses  imported  here  is  from  Cayenne,  French 
Guiana,  although  occasionally  a  cargo  arrives  from  the-  West 
Indies.  The  greater  part  of  this  is  for  distilling,  and  the  balance  for 
retailing.     I  do  not  think  any  portion  of  it  is  made  into  sugars. 

I  cannot  ascertain  that  there  is  any  particular  test  by  which 
sirups  are  to  be  distinguished  from  molasses,  besides  the  general 
appearance  of  the  article.  The  distillers  say  they  can  readily  dis- 
criminate between  them  on  inspection.  I  do  not  know  of  any 
better  method  of  guarding  against  fraud  under  the  existing  laws 
than  by  submitting  the  article  imported  to  the  inspection  of  persons 
**expert*'  in  such  matters,  in  cases  where  fraud  is  suspected. 

I  have  the  honor  to  be,  very  respectfully*,  your  obedient  servant, 

JAMES  MILLER,  Collector^ 
By  E.  F.  MILLER,  Deputy, 

Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  U,  States^ 

Washington^  D.  C. 
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■  '       '     No.  4. 

CuSTOM-HOrSE,  DiSTKlCT    OF   NewBTJUYPORT, 

July  '9,  1846. 

Sir;  In  reply  to  yours  of  June  27|  I  would  state  that  to  my 
kftowled^e  no  frauds  upon  the  rerenue  have  ever  be^n  attempted 
in  this  district  by  the  importation  of  sirup  as  molasses.  We  have 
but  few  importations  of  molasses  into  this  district^  and  the  quality 
is  generally  of  a  low  or  medium  grade.  .  . 

•   The  most  effectual  method  of  deti^cting  such  frauds. would)  in  my 
opinion y  be  to  submit  the  suspected  artiole  to  a  chemical  test. 
I  have  the  honor  to  be,  yours»  respectfully, 

WILLIAM  NICHOLS,  CoUecti^r. 
Hon.  R.  J.  Walker, 

Secretary  gf  the  Treasury j  • 

Washington^  D.  C, 


No.  5. 


Collector's  Office,  District  of  New  Bedford, 

July  2,  1846. 

Sir:  In  compliance  with  the  inquiry  in  your  letter  of  June  27 
last,  in  regard  to  '^any  cases  of  frauds  of  the  kind  referr!ed  to  in 
the  resolution  of  the  Senate  of  the  United  States,  committed  or  at- 
tempted at  this  port  on  the  importation  of  sirups  as  molasses,  with 
jny  Tiews  as  to  the  measures  necessary  to  guard  against  the  recut* 
xence  of  such  frauds,"  I  hare  the  honor  to  report,  that  no  attempt 
has  been  made,  for  many  years  ps^st,  to  import  sirup  of  any  kind 
into  this  district  from  abroad.  The  only  molasses  imported  into 
this  district,  for  more  than  two  years  past,  was  the  cargo  of  the 
barque  Cora,  from  Matanzas,  on  account  of  William  L.  Baker,  en- 
tered  March  14  last.  I  have  conferred  with  John  Fuller,  the  in* 
spector,  who  inspected  and  weighed  this  cargo.  He  has  had  much 
practical  experience  as  a  grocer  in  molasses  and  sirups  from  the 
West  Indies,  made  from  sugar  or  cane,  and  has  a  distinct  recollec* 
tion  of  the  cargo  in  question.  He  carefully  examined  every  hogs- 
head, and  does  not  hesitate  to  pronounce  that  it  contained  no  im<- 
proper  ingredient  of  sugar;  that  it  was  purely  molasses  of  a  light 
kind  and  low  price,  and  as  such  was  sold  in  this  market. 

Mr.  Fuller  further  reports  to  me,  that,  on  proper  inspection,  he 
should  l\aTe  little  or  no  difficulty  in  detecting  any  fradulent  at- 
tempt to  pass  sirup  composed  in  part  of  sugar  .for  molasses;  that 
all  the  molasses  imported  here  since  1839  has  passed  under  his  per- 
sonal obseryation  as  inspector,  and  that  he  has  no  reason  to  believe 
any  such  fraud  has  been  attempted  here  in  that  time. 

Having  confidence  in  his  judgment  and  fidelity,  I  have  there- 
fore respectfully  to  report  to  you,  on  this  branch  of  the  subject^ 
that  no  fraud  of  the  kind  referred  to  has  been  recently  attempted 
in  this  district. 
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Ifi  regard  to  measures  necessary  4o  ^ard  against  the  recurrence 
cf  the  frauds  contemplated  in  the  resolution  of  the  Senate  of  June* 
26,  I  MTould  respectfully  state,  that  I  have  taken  pains  to  make  in* 
quiry  among  grocers,  and  others  engaged  in  the  traffic  of  molassea^ 
and  sirup. 

Considerable  quantities  of  sirup  from  the  West  Indies  are  im- 
ported into  certain  districts,  principally  the  large  ports  of  Boston 
and  New  York.  Some  sirup  is  imported  eo  nomine  from  Nuevitas- 
and  other  places,  and  pays  the  regular  duty,  and  it  commands  6  to 
10  cents  a  gallon  over  good  merchantable  molasses.  But  it  is  sup- 
posed here  that  considerable  quantities  of  sirup  are  imported  int5 
the  country  under  the  denomination  of  molasses,  and  at  the  low 
rate  of  duty,  but  which,  in  fact,  contain  a  large  per  centage  of 
sugar;  but  this  is  a  matter  of  inference  only,  our  dealers  haying  no 
positive  knowledge  of  the  abuse. 

Experienced  grocers  are  nware  that  sometimes  an  article  which, 
on  first  being  rolled  on  shore,  from  th«  vessel,  appears  tobea  heavy 
kind  of  molasses,  after  being  left  at  rest  precipitates  a  quantity, 
more  or  less,  of  sugar,  which  may  be  used  as  such  for  many  pur- 
poses. It  is  said  to  be  no  uncommon  practice,  in  large  cities, 
whether  imported  as  sirup  or  molasses,  to  reserve  this  article  un- 
til it  settles  down;  the  upper  portion  is  then  drawn  off,  and  sold  for 
sirup  or  molasses,  and  the  residuum  to  sugar  refiners  and  ethers  as 
an  inferior  kind  of  sugar. 

Dealers  here  generally  agree  the  varieties  of  molasses  are  so  in- 
finite, that  while  in  some  cates  it  would  be  difficult  to  decide  whe- 
ther a  lot  ought  to  be  classed  as  sirup  or  molasses,  or  whether  any 
lot  entered  as  molasses  contain  any  unlawful  portion  of  sugar;  yet 
they  are  of  opinion,  that  in  most  cases  the  true  character  of  the 
article  may  be  ascertained  by  afiy  competent  inspector,  without 
any  chemical  analysis,  by  merely  sounding  the  cask  with  a  stick. 

The  only  means  of  guarding  against  this  kind  of  fraud,  that  oc- 
i^nrs  to  me,  (presuming  that  the  officer  is  familiar  with  the  article,) 
is  to  enjoin  the  most  rigid  scrutiny  in  the  discharge  of  his  duty. 
This  scrutiny  should  extend,  not  only  to  the  upper  stratum,  but 
more  particularly  to  the  bottom  of  the  cask;  and  if  any  undue  pro- 
portion or  consistency  of  residuum  be  formed,  to  report  the  case  to 
ths  collector  for  special  investii^ation.  If  any  reasonable  suspicion- 
of  fraud  exists,  it  might  be  well  to  reserve  the  case  for  a  reasona- 
ble time  to  test  the  character  of  such  residuum  as  might  be  formed 
in  the  cask  by  the  settling  process.  A  proper  attention  to  this 
service  is  probably  all  that  could  be  done,  under  existing  laws,  to- 
protect  the  revenue  from  this  kind  of  fraud. 

possibly  it  might  be  worth  while  for  the  department  to  institute 
an  in<]uiry  whether  the  mode  of  weighing  and  appraising  molasses 
be  uniform  in  all  the  districts.  In  the  process  or  fermentation,  for 
instance,  each  cask  contains  much  froth.  After  a  cask  has  been 
gauged,  and  its  capacity  in  gallons  ascertained,  a  gallon  is  weighed 
to  ascertain  the  weight  of  the  whole.  When  the  cargo  inspected 
here,  in  March,  was  under  inspection,  it  became  a  question  for  ad- 
justment, what  allowance  ought  to  be  made  for  froth.     It  occurred 
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to  me,  at  the  time,  that  tkere  might  be  some  honest  difference  in 
the  practice  of  different  districts.  I  directed  the  inspector  to  exer- 
cise his  best  judgment  in  coming  to  a  just  estimate  of  the  actual 
"weigbt. 

Whether  any  improper  favor  be  shown  anywhere  in  estimating 
the  froth,  or  in  deciding  whether  an  article  be  sirup  or  molasses, 
for  the  purpose  of  attracting  business  in  anj  particular  direction, 
I  have  no  means  of  knowing  beyond  the  limits  of  this  district. 

What  legislativjs  remedy,  if  any,  would  be  applied  to  the  case 
vitfa  advantage,   is   a  difficult  question.     The  importer's  oath  ap- 

I^ears  sufficiently  comprehensive,  and  the  penalty  for  violating  the 
aw  is  ample.  The  only  common  standard  of  admeasurement  ap- 
plicable to  sugar  and  molasses  appears  to  be  weight,  as  now  pro- 
vided by  law.  It  might  lead  to  much  general  discontent  to  tax 
the  same  rate  on  sugar  and  molasses.  The  safer  mode  seems  to  be 
to  fix  leasonable  rates  to  each,  and.  put  the  responsibility  of  viola- 
ting the  law  on  the  importer,  subject  to  a  rigid  investigation  of 
the  officers  of  the  revenue  in  all  cases. 

Knowing,  sir^  that  you  wish  to  respond  promptly  to  the  call  of 
the  Senate,  I  submit,  with  some  haste  and  diffidence,  these  imperfect 
TiewB  tQ  yon,  as  embodying  all  that  I  am  now  prepared  to  ofiier  in 
aaswcr  to  your  inquiries. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

JOS.  T.  ADAMS,  CdUctor. 
Hon.  R<HiBmT  J.  Walker, 

StcTtiary  •/  the  Treasury,  Washington. 


No,  6. 


Collectoe's  Office, 
District  of  Providence,  June  30,  1846. 

Sik:  Your  letter  of  the  27th  instant,  requiring  me  to  report  any 
cases  of  frauds  committed  or  attempted  at  this  port,  as  referred  to 
in  a  resolution  of  the  Senate  of  the  United  States,  accompanying 
the  eame,  is  duly  received;  and  in  answer  would  inform  you,  that 
Eo  gaeh  frand  on  the  importation  of  sirups  as  molasses  have  been 
committed  or  attempted  at  this  port*  The  smaller  ports  (and  es- 
pecially this  port)  are  not  the  places  where  frauds,  siich  as  referred 
to  in  your  letter,  are  usually  committed.  Here,  there  are  not  so 
many  cargoes  landed  but  what  every  officer  connected  with  the 
collection  of  the  revenue,  either  from  duty  or  from  curiosity,  sees 
both  the  quality  and  quantity  of  the  cargo;  while,  at  the  large  ports 
the  inspection  cannot  be  so  minute,  because  everything  is  done  in 
haste. 

The  best  mode  <^to  euard  against  the  recurrence  of  such  frauds," 
that  now  suggests  itself  to  me,  is,  that  it  should  be  made  the  duty 
of  the  ganger  to  report  to  the  collector  the  particular  contents  of 
the  casks.  This  officer  must  examine  every  cask  to  perform  his 
duty,  and  by  his  familiarity  with  the  article  he  can,  by  inspection 
and  by  the  ase  of  his  rod,. see  at  once  whether  it  contains  molasses, 
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sirup)  or  a  mixture  of  sirup  and  sugar;  and  if  he  finds  any  cask  or 
the  cargo  to  be  different  from  that  expressed  in  the  permit^  he 
should  report  to  the  collector,  when,  if  any  difference  of  opinion 
should  thereby  arise  between  the  collector  and  consignee  or 
owner,  the  public  appraisers  might  decide  the  matter.  This  seems 
to  me  to  be  as  sure  and  as  short  a  way  to  remedy  the  evil  as  any 
that  I  can  conceive  of.  It  will  require  no  additional  officer  or  ex- 
pense. V  - 
I  am,  yours,  respectfully, 

H.  WILLARD,  Collector. ' 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury^  Washington  City^  D,  C. 


No.  7. 


Collector's  Office, 
Jfew  Haveny  June  29, 1846. 

Sib:  Yours  of  the  !^ih  instant,  with  a  copy  of  a  resolution  an- 
nexed, passed  by  the  Senate  of  the  United  States,  has  been  re- 
ceived. 

It  gives  me  pleasure  to  be  able  to  state  th«t  no  case  of  fraud  or 
attempted  fraud,  in  the  impt»rtation  of  sirups  as  molasses,  referred 
to  in  the  Senate  resolution,  has  come  to  my  knowledge  in  this  dis- 
trict, nor  do  I  believe  there  has  been  any. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

NORRIS  WILCOX,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury^  WashingtoUj  D.  C 


No.  8. 


CcrsTOM-HOusE,  New  York, 

Collector's  Office^  July  21,  1846. 

Sir;  In  reply  to  your  communication  of  the  27th  ultimo,  I  have 
the  honor  to  enclose  herewith  a  report  from  the  surveyor  of  this 
port,  on  the  alleged  importations  ot  sirup  of  sugar  under  the  name 
of  molasses. 

It  is  evident  that  the  merchants  and  dealers  in  the  article  ia 
question  call  it  molasses;  that  it  is  not  worth  more  than  ordinary 
molasses;  that  it  does  not  command  a  higher  price;  and  that,  after 
the  payment  of  duty  it  will  not  sell  for  2^  cents  per  pound,  the 
rate  of  duty  chargeable  on  sirup  of  sugar. 

I  am,  sir,  yours,  very  respectfully, 

C.  W.  LAWRENCE. 
Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury ^  Washington^  D.  C. 
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Custom-house,  New  York, 
Surveyor's  Office y  July  20,  1846. 

Sib:  In  compliance  with  your  letter,  enclosing  a  resolution 
adopted  by  the  Senate  of  the  United  States,  and  also  instruc- 
tions from  the  Treasury  Department,  I  have  the  honor  to  report, 
that  some  time  in  June  last,  this  departnient  was  informed  by 
letter  from  the  Treasury  Department,  over  the  signature  of  W.  F. 
Wilkins,  that  frauds  were  practised  by  importations  in  this  port 
of  sirup  as  molasses. 

About  the  same  period,  a  letter  was  received,  by  me  from  Mr. 
Wilkins,  conveying  similar  intimations;  and  instructions  were 
immediately  given  to  Inspector  Cairns  (who  had  been  deputed  by 
xny  predecessor  to  attend  to  this  branch  6f  the  revenue  service)  to 
to  take  samples  of  the  molasses,  as  it  arrived  in  port,  and  make  the 
necessary  examination  to  guard  against  fraud  (as  alleged.)  The 
report  of  Mr.  Cairns  is  herewith  submitted,  and  marked  A. 

Mr.  Cairns  was  the  inspector  selected  to  take  and  prepare  the 
samples  of  sugar  and  molasses,  forwarded  to  Philadeiphia  in  Sep- 
tember last,  for  examination  by  Professor  McCulIoh,in  accordance 
with  the  directions  of  the  Treasury  Department. 

His  experience,  therefore,  induced  his  selection,  and  gave  mre 
confidence  in  his  judgment.  Immediately  on  the  receipt  of  the 
letter  of  the  Secretary  of  the  Treasury,  enclosing  the  resolution  of 
the  Senate,  samples  of  molasses  were  taken  for  examination  and 
analysis,  and  Inspector  Cairns  directed  to  employ  a  chemist  to 
analyze  and  ascertain  the  correctness  of  the  assertion  as  to  the 
frauds  alluded  to.  An  interview  was  had  with  this  Mr.  Wilkins, 
ytrbo  gave  the  information,  and  who  represents  himself  as  being 
perfectly  familiar  with  the  subject.  He  (Wilkins)  was  also  invited 
to  attend  the  investigation,  and  to  make  whatever  suggestions  he 
thought  would  tend  to  insure  a  minute  and  thorough  investigation. 

The  report  of  Doctor  Thomas,  the  chemist  employed  to  analyse 
the  samples  of  molasses,  is  herewith  submitted,  marked  B. 

Agreeably  to  your  instructions,  and  in  order  that  full  and  satis- 
factory information  should  be  given  to  the  honorable  the  Senate  of 
the  United  States,  the  celebrated  Doct.  Chilton  was  also  employed 
to  analyze  samples  of  the  same  cargo,  marks  and  qualities^  as  were 
analyzed  by  Doct.  Thomas,  the  chemist  heretofore  alluded  to. 
The  result  of  Doct.  Chilton's  examination  is  also  herewith  submit-^ 
ted,  marked  C. 

In  the  absence  of  2Luy  fixed  standard  for  the  government  of  this 
department,  directing  their  action,  and  defining  the  per  rentage  of 
crystallizable  sugar  or  matter  contained  per  gallon  in  either  sirup 
or  molasses,  we  have  been^  governed  by  the  custom  established  and 
acted  upon  by  my  predecessors  in  office,  anxiously  awaiting  the 
coming  report  of  Professor  McCuIloh,  as  directed  by  the  Treasury 
Department,  for  our  future  government  and  action. 

The  importers  of  the  molasses  analyzed  by  Drs.  Thomas  and 
Chilton,  inform  me  that  they  have  this  day  forwarded  to  the  Trea- 
sury Department  (a  copy  of  which  they  have  sent  me)  a  certificate 
from  merchants  of  the  highest  character,  who  represent  that  ^Hhey 
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hare  examined  the  recent  importations  of  molasses  from  Nuetitas, 
in  which  the  alleged  frauds  are  said  to  exist;  anc]  they  pronounce 
it  nothing  but  molasses^  such  as  they  are  in  the  habit  of  purchasing 
from  Puerto  Utco,  St.  Croix,  and  other  West  India  islands." 

I  would  remark,  in  relation  to  the  certificate  which  I  have  al- 
luded to,  that  I  have  long  known  most  of  the  signers  as  extensive 
dealers  in  the  article,  and  know  them  to  be  men  of  unquestionable 
integrity y  and  whose  experience  gives  to  their  opinions  great 
weight. 

The  cargoes  of  molasses,  from  which  the  samples  were  taken  and 
used  for  analyzation  by  Drs.  Thomas  and  Chilton,  were  disposed 
of  at  auction  and  at  private  sale,  by  the  importers,  to  the  grocers^ 
in  small  lots,  at  prices  varying  from  nineteen  to  t^joenty-'six  cents 
per  gallon.  The  sales  were  made,  and  a  portion  of  the  article 
consumed,  previous  to  the  receipt  of  the  letter  of  the  Secretary  of 
the  Treasury,  enclosing  the  resolution  of  the  Senate  of  the  United 
States. 

If  frauds  hare  heretdforc  existed,  they  are  most  assuredly  un- 
known to  this  department.  Every  possible  precaution  has  been 
used  by  this  department,  with  a  view  to  prevent  and  detect  fraud^ 
in  this  as  well  as  in  all  other  cases.  I  feel  that  I  have  exercised 
the  most  prompt  and  energetic  measures  to  guard  the  revenue,  and 
can  assure  the  Treasury  Department  that  the  same  efforts  will  be 
continued  with  unabated  zeal. 

The  expenses  attending  these  examinations  are  considerable,  re- 
quiring the  employment  of  those  only  who  are  acquainted  with 
chemical  analysis.  It  is,  therefore,  particularly  desirable  that  some 
mode  of  testing,  or  a  standard^  should  be  fixed  upon  for  the  gov- 
ernment of  this  department  in  its  further  action.  The  bills  of 
Drs.  Thomas  and  Chilton  are  herewith  enclosed,  amounting  to 
(f  150)  one  hundred  and  fifty  dollars. 

Yoil  will  doubtless  recollect,  that  under  the  administration  of 
collector  Van  Ness,  and  at  the  commencement  of  yours,  a  person 
was  specially  employed  to  take  samples  of  the  different  cargoes  of 
molasses  arrived  in  port,  and  to  be  submitted  for  examination  at 
the  siirveyor's  office. 

These  samples  were  generally  examined  by  the  surveyor  and  in- 
spectors Lloyd  and  Cairns,  who  are  now,  and  have  been  for  a  long 
time,  detailed  for  sugar  inspection  duty. 

The  Treasury  Department  deemed  the  employment  of  the  person 
to  take  samples  unnecessary;  and  it  was,  accordingly,  discontinued. 

Officers  Lloyd  and  Cairns  are  constantly  engaged  in  the  discharge 
of  the  duty  particularly  assigned  to  them,  and  not  unfrequently 
require  an  additional  inspector  to  assist  them.  Consequently,  they 
are  Unable  to  attend  to  the  special  duty  of  examining  and  sampling 
molasses. 

The  cargoes  of  molasses  now  arriving  at  this  port  are  sent  up  to 
the  city  in  "lighters'^  or  small  craft  from  the  "quarantine  ground" 
at  Staten  Island,  and  are  landed  at  Brooklyn  and  various  other 
points  of  our  extensive  water  front.     It  will  require  one   person, 
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(and  frequently  an  assistant,)  to  procure  samples,  and  examine  the 
cargoes  at  the  different  landing  places  abore  mentioned. 

As  this  particular  duty  is  by  law  under  my  immediate  supervis- 
ion, I  respecti'ully  solicit  your  approbation  to  select  some  compe- 
tent person  to  perform  it  for  at  least  the  continuation  of  the  quar- 
aBtine  regulations. 

1  have  the  honor  to  be,  with  great  respect,  yours,  £c., 

ELIJAH  F.  PURDY,  Surveyor. 

Hon.  C.  W.  Lawrence,  Collector^  Sfc. 


New  York,  June  29,  1846. 

Sia;  Having  been  assigned  to  the  duty  of  causing  an  analysis  of 
molasses  or  sirup  imported  into  this  district  from  Nuevitas,  Cuba, 
I  have  the  honor  to  report  that  three  samples  were  procured  and 
submitted  to  Mr.  James  Thomas,  a  chemist  of  this  city,  for  the 
purpose  of  scientific  examination.  His  report  is  now  before  the 
department,  giving  the  results  of  the  various  experiments,  and  the 
opinion  that  two  of  these  samples,  containing  from  56  to  58  per 
cent,  of  crystallizable  sugar,  are  to  be  considered  ^^sirup." 

I  must,  however,  state  that  this  gentleman  has  been  previously 
employed  by  this  department  to  make  analysis  of  samples  of  pre« 
cisely  the  same  kind  and  quality  as  in  the  present  instance,  and  has 
not  been  able  to  detect  sugar  that  would  give  them  the  character 
of  "sirup." 

I  would  also  remark  that  at  a  previous  date  this  department  had 
caused  a  large  quantity  of  the  same  kind  and  quality  of  molasses 
or  sirup  to  be  tested  by  a  practical  refiner.  That  similar  samples 
were  sent  for  analysis  to  Professor  McCulloh,  of  Philadelphia,  by 
direction  of  the  comptroller,  at  Washington,  and  that  they  have 
also  been  submitted  to  men  of  high  scientific  attainments  in  this 
city,  all  of  whom  have  uniformly  agreed  in  the  opinion  that  the 
article  was  not  sirup. 

In  view  of  these  facts,  I  beg  leave,  respectfully,  to  suggest  the 
expediency  of  causing  samples  of  the  same  kind  to  be  analyzed  by 
different  persons,  to  the  end  that  the  true  character  of  the  subject 
under  consideration  may  be  ascertained. 

Respectfully  submitted. 

JOHN  T.  CAIRNS,  Inspector. 

To  Elijah  F.  Pukdy,  Esq., 

Surveyor  of  the  port  of  Kew  York. 


Analysis  of  molasses  or  sirup  of . 

Sample  marked  JG,  imported  in  brig  Brothers,  from  Nuevitas, 
Cuba,  May  23,  1816,  by  Brett  &  Yose,  aud  analyzed  by  James 
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Thomas  aod  James  R.  Chilton^  chemists.  It  will  be  seea  by  their 
reports  respectivelyi  that  in  this  sample  they  very  nearly  agree  in 
their  experiments.  Mr*  Thomas  reports  58.25  per  cent.^  and  Mr. 
Chilton  58.20  per  cent,  of  crystal lizable  or  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  1,  and  by  Mr.  Chiltoa 
as  ARy  C^ ,  is  one  and  the  same  article,  imported  in  bri^  Tonqoia 
from  Nueritas  May  19,  1846,  by  Holt  &  Owen.  In  this  sample 
Mr.  Thomas  reports  56.55  per  cent}  and  Mr.  Chilton  40.4  per  cent, 
of  crystallizable  or  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  2,  ipaported  in  brig 
United  Suites  from  St.  Croix,  June  6,  1846.  In  this  he  makes  to 
yield  50.63  per  cent,  of  crystallizable  or  cane  sugar. 

Sample  described  by  Mr.  Tr.omas  as  No.  3,  imported  in  brig 
Overman,  June  4,  1846,  by  P.  Harmony,  Nephew  &  Co.,  from 
Ponce,  P.  R.     In  this  he  reports  49.54  per  cent,  of  cane  sugar. 

Sample  described  by  Mr.  Thomas  as  No.  4,  from  New  Orleans* 
In  this  he  reports  46.52  per  cent,  of  crystallizable  or  cane  sugar. 

JOHN  T.  CAIRNS,  Inspector. 

New  York,  Jufy  18,  1846. 


B. 

New  York,  June  30,  1646. 

Gentlemen:  The  undersigned  would  respectfully  represent,  that 
having  been  selected  by  Captain  John  T.  Cairns  to  examine  three 
samples  of  imported  molasses  or  sirup,  he  respectfully  reports  the 
results  of  the  examination. 

The  sample  marked  JG  is  of  a  light  color,  pleasant  taste,  with* 
out  any  empyreuma,  and  from  its  sensible  qualities,  seems  to  be  a 
very  superior  article,  if  it  is  molasses.  This  sample,  when  sub- 
mitted to  a  qualitative  examination,  appears  to  contain  both  crys- 
tallizable or  cane  sugar  and  uncrystallizable  sugar  or  molasses, 
also  called  granular  sugar;  a  portion  heated  with  diluted  solution 
of  potassa  gave  the  well  known  brown  color  indicative  of  granular 
sugar  or  molasses;  another  portion  heated  with  diluted  sulphuric 
acid  showed  the  presence  of  cane  sugar  by  producing  a  brown 
color,  and  after  some  time  an  insoluble  brown  matter  was  depos* 
ited,  indicative  of  the  presence  of  cane  sugar. 

Two  equal  portions  of  this  sample  were  examined  by  Mr.  Trom- 
mer's  test;  one  portion  was  merely  diluted  with  water;  the  other, 
also  diluted  with  water,  was  boiled  with  a  drop  or  two  of  sulphuric 
acid,  to  convert  any  crystallizable  sugar  it  might  contain  into  mo- 
lasses; these  two  equal  portions,  thus  treated,  were  separately  ex* 
amined  by  Mr.  Trommer's  test,  which  consists  in  adding  to  the 
saccharine  solution  to  be  examined  a  few  drops  of  a  solution  of 
sulphate  of  copper,  (blue  vitriol,)  and  afterwards  some  solution  of 
potassa,  and  heating  the  mixture  to  nearly  a  boiling  temperature; 
the  uncrystallizable  sugar  or  molasses  contained  in  the  liquor  re- 

ces  the  salt  of   copper,  and  precipitates  a  red   oxide    of   that 


143  [50] 

Beta],  while  the  crystalHzable  sugar  contained  4n  the  liquor  does 
not  chanflre  the  properties  of  that  salt.  The  portion  of  this  sample 
merely  diluted  with  water  gave  a  precipitate  of  red  oxide  of  cop- 
per, but  the  other  portion  that  had  been  treated  with  sulphuric 
acid  gave  a  most  abundant  precipitate  of  the  oxide — proving  satis- 
factorily  the  presence  of  cane  sugar  and  molasses  in  this  sample, 
maiked  JO. 

The  speei6c  gravity  of  this  sample  is  1,360  at  60°  of  Fahrenheit. 
A  small  quantity  of  this  sample  in  a  capsule,  or  little  cup,  was 
placed  under  a  gia^s  bell  or  receiver,  also  a  cup  half  full  of  strong 
sulphuric  acid,  and  a  slight  vacuum  maintained  witbin  the  glass 
bell;  the  sulphuric  acid  by  its  avidity  for  moisture  kept  the  space 
within  perfectly  dry,  and  the  sample  soon  lost  enotigfa  of  its  water 
of  solution  to  become  a  semifluid  mass  of  crystals  of  sugar,  from 
which  the  molasses  would  easily  separate.  This  experiment  was 
rfleo  repeated  and  with  uniform  success. 

The  sample  marked  SV  is  light  colored  and  of  a  good  taste;  it 
is  rather  heavy^  compared  with  the  other  two  samples^  its  specific 
gravity  being  1.404.  Submitted  to  the  same  tests  as  the  former 
sample,  it  gave  similar  results,  only  the  quantity  of  uncrystalHz- 
able  sugar  appeared  to  be  much  greater.  When  placed  under  the 
glass  bell,  in  the  same  circumstances  as  the  former  sample,  it  would 
not  crystallize,  and  no  sugar  could  be  obtained  from  it  by  this 
means. 

The  sample  marked  No.  1  is  rather  dark  colored,  it  gave  similar 
results  to  the  sample  J6;  its  specific  gravity  is  1.364. 

The  qvaniiiative  exafttination  of  these  samples  and  obtaining  the 
absolute  percentage  amount  of  cane  sugar  and  molasses,  separately^ 
was  a  problem  beset  with  great  difficulties.  The  only  course  likely 
to  be  successful  appeared  to  be  one  that  should  be  based  upon  Mr. 
«  Tromroer's  discovery,  before  alluded  to*  I  now  proceed  to  give 
the  method  followed  in  this  investigation,  so  that  if  any  error  has 
been  committed  it  may  be  open  to  correction. 

Preparation  of  the  test, — Two  ounces  of  sulphate  of  copper  (blue 
vitrei)  are  dissolved  in  one  point  of  water;  in  a  separate  vessel 
dissolve  one  ounce  of  bitartrate  of  potassa  (cream  of  tartar)  and 
four  ounces  of  potassa  (caustic  potash)  in  one  pint  of  water.  Well 
mix  these  solutions,  and  filter  the  fluid  from  the  dregs.  It  will  be 
of  a  fine  blue  color,  if  rightly  made;  as  thus  made,  the  test  will 
not,  however,  give  uniform  results  wben  tried  on  equal  weights  of 
pure  sugar  converted  into  molasses.  The  test  liquor  requires  to  be 
heated  to  boiling,  and  filtered  from  some  oxide  of  copper  separated 
by  the  boiling.  It  will  now  give  uniform  results.  It  requires  care 
in  heating,  as  it  is  apt  to  bump  or  boil  over.  The  test  so  prepared 
was  the  one  made  use  of  in  this  investigation. 

StuarVs  best  loaf  sugar  was  the  standard  of  comparison,  being 
perfectly  free  from  molasses.  Twenty  grains  of  this  sugar  dis- 
solved in.  water  and  boiled  for  fifteen  or  twenty  minutes,  with  a 
few  drops  of  sulphuric  acid,  gave  with  the  copper  test  in  slight 
excess  thirty-three  grains  of  oxiJe  of  copper.  So  that  every  1.65 
of  oxide  obtained  equals  one  of  pure  sugar  in  solution. 
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Qut^ntiMive  examination  of  sample  JO-^^Tooli  20  grains  of  this 
sample,  diluted  it  with  water,  then  put  ia  a  slight  excess  of  the 
test,  heated  it  to  boiling,  let  it  cool,  decanted  the  supernatant  fluid 
from  the  precipitate,  washed  it  several  times  and  dried  it.  Weight 
of  dry  red  oxide  of  copper  obtained  4.5  grains,  equal  to  13.7  per 
cent,  of  uncrystallizable  sagar  or  molasses  in  100  parts  of  this 
#ampJe  by  weight.  Another  20  grains  wi^re  boiled  with  a  few 
drops  of  sulphuric  acid  and  about  a  gill  of  water,  to  convert  the 
cane  sugax  into  molasses.  This  gave  23.76  grains  of  oxide  of  cop- 
per, equal  to  71.95  per  cent,  for  the  whole  saccharine  matter  ewi- 
tained  in  this  sample,  and  gives  58.^  per  cent,  for  tl^e  cane  sugar* 

Quantitaiive  exumikatidn  of  sample  SV. — Twenty  trains  of  this 
sample  gave  10.76  grains  of  oxide  of  copper,  equaf  to  32.6  per 
cent,  for  the  molasses  it  contains;  another  20  grains  converted  into 
molasses,  by  the  action  of  sulphuric  acid,  gave  72.7  per  cent,  for 
the  whole  of  the  saccharine  matter  contained  in  this  sample.  ' 

Quantitative  examination  of  sample  J^To.  1. — This  sample  eave 
16.7  per  cent,  for  the  molasses  it  contained,  and  when  the  whole 
was  converted  into  molasses  it  gave  71.26  per  cent,  for  the  whole 
of  its  saccharine  matter,  giving  56.55  per  cent,  for  the  crystalliza- 
ble  sugar  it  contains. 

To  the  best  of  my  judgment,  I  should  say  that  the  samples  JG 
and  No,  1  are  sirup^  because  they  contain  so  small  an  amount  of 
uncrystallizable  sugar,  and  ike  readiness,  with  w^ch  they  cm  be 
made',  by  simple  nieans,  to  yield  good  sugar. 

This  sample  SY  must  be  called  molasses,  for  it  yields  a  large 
proportion  of  uncrystallizable  sugar,  and  cannot  be  made  by  simple 
means  to  yield  sugar. 

The  simplest  Qiethod  by  which  a  person  might  distinguish  good 
cane  sirup  from  molasses  and  spoiled  sirup  would  be  by  a  small 
apparatus,  on  the  principle  of  the  air  pump,  modified  to  suit  this 
peculiar  purpose.  A  more  abtruse,  and  perhaps  troublesome,  me^ 
thod  would  be  by  the  circular  polarization  of  light;  for  a  saccha- 
rine solution  that  should  cause  left  handed  polarization  would, 
probably,  be  of  little  use  for  the  production  of  sugar.  It  is  not  to 
be  concealed,  however,  that  good  cane  sirup,  boiled  till  it  should 
cause  left  handed  polarization,  would  be  in  a  fit  state  for  the  man- 
ufacture of  lemon  and  other  sirups,  and  for  many  other  purposes. 

The  above  is  most  respectfully  submitted. 

JAMES  THOMAS,  JJf.  D. 

To  CoKKELiTJs  W.  Lawr£nce,  ColUctor^  and  Elijah  F.  Puanr, 
Surveyor  of  the  United  States  Revenue  Department  for  the  city 
and  port  of  Kew  York, 


New  Yokk,  July  9,  1846. 

Sir:  The  undersigned  respectfully  represents  that  he  has,  hf 
your  orders,  examined  three  samples  of  molasses,  given  to  him  bj 
Captain  John  T.  Cairns  for  that  purpose* 
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Sample  No.  2  was  of  tbe  specific  gravity  of  1.373,  and  it  con- 
tained 18.17  per  cent,  of  molasses  or  uncrystallizable  sugar,  and 
50.63  per  cent,  of  crystallizable  sugar  or  cane  sugar.  The  whole 
quantity  of  saccharine  matter  it  contained  was  68.8  per  cent.  It 
would  produte  sugar  by  simple  means. 

Sample  No.  3  was  of  the  specific  gravity  of  1.376;  it  gave  of 
molasses  20.46  per  cent.,  and  49.54  per  cent,  of  cane  sug^r.  The 
whole  quantity  of  saccharine  matter  it  contained  was  70  per  cent. 
It  would  produce  sugar  by  simple  means. 

Sample  No.  4  was  of  the  specific  gravity  of  1,365;  it  contained 
of  molasses  or  uncrystallizable  sugar  18.88  per  cent,  and  46.52  per 
cent  of  crystallizable  or  cane  sugar,  ,  The  whole  amount  of  saccha- 
rine matter  it  contained  was  65.4  per  cent.  It  would,  with  some 
difficulty,  produce  sugar  of  a  very  dark  color^  almost  as  dark  as 
the  molasses  itself.  This  sample  contained  a  considerable  quan? 
tity  of  lime  and  other  inorganic  matters. 

For  tbe  methods  followed  in  the  examination  of  these  samples  I 
respectfully  refer  you  to  my  former  communication  to  you  relative 
to  this  subject,  in  which  the  methods  followed  in  these  analyses 
are  detailed,  and,  therefore,  it  is  unnecessary  to  repeat  them  here. 

The  above  is  most  respectfully  submitted. 

JA.MES  THOMAS,  JIf.  D., 
39th  street^  near  8th  avenue^  Jfew  YorkZ 

To  Elijah  F.  Purdy,  Surveyor  of  the  United  States  Revenue  De- 
partment for  the  city  and  port  of  JV«to  York, 


C. 

New  Yokk,  July  17,  1846. 

Sib:  I  have  carefully  analyzed  the  two  samples  of  <<  molasses'' 
which  you  sent  me,  and  find  them  to  contain  as  follows: 

Sample  marked  JG. — The  specific  gravity,  at  60^  Fahrenheit,  is 
1.341.     One  hundred  parts  by  weight  contain — 

Crystallizable  or  cane  sugar •  •  58.20 

Uncrystallizable  sugar 8.43 

Water. .•.^- 16.20 

Mucilage,  extractive  matter,  &c 17,17 

100. 

Sample  marked  ARyC*. — The  specific  gravity,  at  60^  Fahren- 
heit, is  1.333.     One  hundred  parts  by  weight  yielded. 

Crystallizable  or  cane  sugar 40.4 

Uncrystallizable  sugar  .«••••  • « •  • 10.0 

10 
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Water... 12.5 

Mucilage,  extractive  matter,  &c 37.1 

100. 


As  near  as  could  be  determined,  by  actual  weights  of  the  samples 
furnished,  one  gallon  of  the  sample  marked  JG  would  weigh  11 
lbs.  11  ozs.  avoirdupois;  and  one  gallon  of  the  sample  marked 
ARy  C^  would  weigh  11  lbs.  12  ozs.  avoirdupois. 

The  methods  o£  analysis  by  which  these  results  were  obtained, 
were — 

1st,  By  treating  a  known  weight  of  the  liquid  with  tri^acetate 
of  lead,  to  separate  the  mucilage,  extractive  matter,  &c.  The 
clear  solutign,  thus  obtained,  was  repeatedly  passed  through  fresh 
prepared  bone  charcoal  to  separate  the  excess  of  oxide  of  lead.  It 
was  then  sub}ected  tor  evaporation  in  vacuo  until  crystallization 
was  effected.  The  crystalline  mass  was  treated  with  absolute 
alcohol,  which  dissolves  the  uncrystallizable  portion. 

The  2d  method  was  a  modification  of  the  one  proposed  by  M. 
Barreswil,*  viz:  by  treating  a  given  weight  of  the  saccharine  fluid 
bjr  Trommer's  copper  test,  to  determine  the  proportion  of  uncrys- 
tallizable sugar.  The  whole  of  the  saccharine  matter  in  another 
similar  weight  of  the  fluid  is  to  be  converted  into  uncrystallizable 
sugar,  by  gently  boiling  with  a  few  drops  of  sulphuric  acid. 
Then,  by  treating  it  with  the  copper  test,  the  proportion  is  deter- 
mined; and,  by  subtracting  what  was  obtained  from  the  first  por- 
tion, the  amount  of  crystallizable  sugar  is  obtained. 

The  results  which  I  have  given  are  the  mean  of  what  I  obtai^ied 
bv  these  different  modes  of  analysis. 

Very  respectfully, 

JAMES  R.  CHILTON. 

Elijah  F.  Purdy,  Esq., 

Surveyor  of  the  port  of  Jfew  York, 


No.  9. 


21  Frankford  Street,  New  York. 
June  22,  1846. 

Sir:  After  a  month  of  very  tedious  investigation,  we  have  this 
day  given  in  to  the  surveyor  of  this  port  a  copy  of  the  analysis, 
&c*,  of  Nuevitas  sirup  which  was  entered  as  molasses  in  the  custom- 
house. The  chemist  proves  two  of  the  samples  to  contain  65  per 
cent,  of  granular  or  cane  sugar  by  the  heat  analyses,  and  that  it  is 
decidedly  sirup.  The  surveyor  has  ordered  other  samples  of  sirup 
to  be  analyzed,  which  is  from  other  places. 


*  Chemioal  Gazettei  No.  b%^  December  16, 1844. 
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We  have  also  laid  down  in  the  report  plans  how  to  detect  sugar 
in  disguise.  I  trust  you  will  now  see  that  the  chemist  and  myself 
have  done  our  duty.  Further,  if  I  could  do  more,  I  would.  I 
trust,  honored  sir,  you  will  order  me  some  remuneration  for  labor 
and  loss  of  time,  having  worked  hard  night  and  day  in  this  matter. 
Others  are  paid  by  the  custom-house;  and,  although  they  are  aware 
how  I  have  worked,  yet  I  do  not  apply  to  them,  but  to  your  hon- 
orable self,  for  some  reward  for  my  labor  and  perseverance.  I 
trust  you  will  give  me  an  early  reply. 

In  the  interim,  I  am,  sir,  your  very  humble  and  obedient 
servant, 

WILLIAM  F.  WILKINS. 

To  the  Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 


CuSTOM-HOUSE,  NeW  YoRK, 

Collector's  Office^  July  24:^  1846. 

Sir:  I  return  Mr.  Wilkins's  letter  to  you  of  the  22d  ultimo,  re- 
ferred to  me  for  a  report. 

In  consequence  of  the  representations  of  Mr.  Wilkins,  the  wr- 
veyor  caused  an  analytical  examination  to  be  made  of  the  article 
referred  to,  and  informed  him  that  he  could  be  present  at  such  ex- 
amination. I  believe  he  did  attend.  The  report  of  the  surveyor, 
communicating  the  result,  was  transmitted  to  you  on  the  21st  in- 
stant. 

Messrs.  Holt  &  Owen,  of  this  city,  entered  at  this  ofBce,  on  the 
15th  instant,  a  cargo  of  molasses,  per  brig  Clarissa,  from  Nuevitas. 
I  informed  them  that  I  should  not  authorize  its  delivery  except 
they  deposited  an  amount  sufficient  to  cover  the  duties,  if,  on  ex- 
amination, it  should  prove  to  be  sirup  of  sugar.  They  declined 
making  such  deposite,  and  I  directed  the  retention  of  the  molasses 
until  it  was  fully  examined,  and  we  were  satisfied  of  its  character. 

The  surveyor  consulted  Mr.  Chilton  on  the  subject,  and  received 
from  him  the  enclosed  letter  giving  the  results  of  his  previous  ex- 
aminations. 

We  have  made  diligent  inquiry  of  merchants  and  dealers  in  mo- 
lasses, and,  in  every  instance,  the  answer  has  Been  that  the  proper 
name  of  the  article  is  molasses. 

Mr.  Havemeyer,  the  late  mayor  of  this  city,  has  been  extensively 
engaged  in  the  sugar  trade,  and  is  one  of  our  most  independent 
and  intelligent  citizens,  and  particularly  well  informed  in  reference 
to  the  laws  in  relation  to  sugar  and  molasses.  I  enclose  my  letter 
to  him,  and  his  reply. 

I  also  enclose  my  letter  to  the  United  States  appraisers,  with 
their  reply. 

I,  therefore,  came  to  the  conclusion  that  the  owners  were  entitled 
to  receive  the  molasses  upon  paying  4]^  mills  per  pound  duty,  and, 
consequently,  directed  its  delivery. 

It  is  evident  that,  if  1    am  to  be  governed  by  it»  commercial 
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namcj  the  article  imported   from  Nuevitas   as  molasses   is  rightly 
named,  and  should  be  assessed  accordingly-— 4^  mills  per  pound. 

If,  however,  its  name  is  to  be  ascertained  and  decided  by  analy- 
sis, some  determinate  standard  should  be  fixed  upon  and  promul- 
gated. 

I  have  the  honor  to  remain,  sir,  yours,  very  respectfully, 

C.  W.  LAWRENCE. 
Hon.  RoBEET  J.  Walker, 

Secretary  of  the  Treasury ^  Washington. 


New  Yobk,  July  21,  1846. 

Deab  Sib:  I  have  for  the  last  three  or  four  years  past  analysed 
various  samples  of  molasses  which  have  come  to  this  port  from 
Cuba  and  other  ports  of  the  West  Indies,  and  have  almost  uniformly 
found  them  to  contain  Jrom  65  to  75  per  cent,  of  pure  saccharine 
matter,  but  not  all  in  a  crystallizable  state.  The  proportion  of 
crystallizable  or  cane  sugar  contained  in  the  samples  of  Nuevitas 
molasses  which  I  have  heretofore  analyzed,  was  very  nearly  the 
same  as  contained  in  the  samples  which  I  analyzed  for  you  recently. 
A  Very  respectfully,  yours, 

JAMES  R.  CHILTON. 

Elijah  F.  Pubdy,  Esq. 


Custom-house,  New  Yobk, 

Collector's  Office^  July  22,  1846. 

!"  Sir:  I  have  to  beg  the  favor  of  you  to  examine  the  cargo  of 
molasses  imported  by  Messrs.  Holt  &  Owen  in  the  brig  Clarissa, 
from  Nuevitas.  Is  it,  in  your  opinion,  molasses  which  is  intended 
by  the  tariff  act  of  1842  to  pay  duty  at  the  rate  of  4^  mills  per 
pound?  Or  is  it  the  sirup  of  sugar,  which  would  pay  2^  cents  per 
pound — equal  to  about  29  cents  the  gallon? 

I  am,  sir,  yours,  very  respectfully, 

C.  W.  LAWRENCE. 
Hon.  W.  F.  Havemeteb,  JVet0  York. 


New  Yobk,  July  22,  1845. 

Dear  Sib:  According  to  your  request,  I  have  examined,  in  the 
surveyor's  office,  a  number  of  samples  of  molasses  said  to  have 
been  taken  from  the  cargo  of  the  brig  Clarissa,  from  Nuevitas,  and 
consigned  to  Messrs.  Holt  &  Owen,  and  have  no  hesitation  in 
stating,  as  my  opinion,  that  the  same  are  samples  of  Nue^tas 
molasses,  known  in  the  market  as  such,  and  subject  to  duty  as 
molasses,  and  pot  to  duty  as  sirup  of  sugar. 

I  have  the  honor  to  remain  your  obedient  servant, 

W.  F.  HAVEMEYER. 

Hon.  CoB2?£Lius  W.  Lawbence, 

Collector^  frc. 
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Cttstom-house,  New  York. 
Collector's  Office^  July  22,  1846. 

Sirs:  I  have  to  request  that  you  will  examine  and  report  to  me 
on  the  cargo  of  molasses  imported  by  Messrs.  Holt  and  Owen  in 
the  brig  Clarissa,  from  Nuevitas.  Is  it,  in  foMX  opinion,  molasses 
which  is  intended  by  the  act  of  1842  to  pay  duty  at  the  rate  of  4j^ 
mills  per  pound?  Or  is  it  the  sirup  of  sugar  which  would  pay  2^ 
cents  per  pound — equal  to  about  29  cents  the  gallon? 
Yours,  very  respectfully, 

C.  W.  LAWRENCE, 
To  the  Principal  Appraisers 

of  the  port  of  Jfew  York. 


Appraisers'  Office, 

Jfew  York^  July  23,  1846. 

Sir:  We  have  examined  various  samples  called  molasses,  im- 
ported by  Messrs.  Holt  &  Owen,  in  the  brig  Clarissa,  from  Nuc- 
vitas,  and  report  that  it  has  been  known  as  molasses;  is  now  knowil 
as  molasses,  and  nothing  else;  and  in  our  opinion,  is  justly  liable 
to  a  duty  of  4j^  mills  per  pound,  under  the  tariff  of  1842,  and  no 
more. 

Most  respectfully, 

G.  W.  POMEROT, 


Hon.  C.  W.  Lawrence,  Collector. 


SAM.  J.  WILLIS. 


No.  10. 


Collector's  Office, 
District  of  Philadelphia^  June  30,  1846. 

Sir:  Yours  of  the  27th,  transmitting  a  ^resolution  of  the^  Senate 
of  the  26th  instant,  in  relation  to  frauds  supposed  to  have  been 
committed  upon  the  revenue  by  the  importation  of  sirups  as  mo* 
lasses,  has  been  received.  In  reply  thereto  I  beg  leave  to  state, 
that  on  the  10th  August,  1843,  an  elaborate  scientific  report  upon 
the  subject  (to  which  I  beg  leave  to  refer  you)  was  transmitted  to 
yonr  department  by  my  predecessor. 

Since,  that  period.,  especial  care  has  been  taken  to  detect  any- 
thing 1^  the  nature  of  the  frauds  referred  to  in  the  resolution  of 
the  Senate.  The  records  of  this  office  furnish  no  evidence  upon 
which  to  ground  even  a  suspicion  of  any  evasion  of  the  revenue 
laws  in  regard  to  the  article  m  qaestion;  nor  do  I  believe  that  any 
attempt  to  commit  such  frauds  could  possibly  escape  the  vigilance 
of  our  officers. 

Very  respectfully,  your  obedient  servant, 

HE^^RY  HORN,  Collector. 

Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 
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No.  11. 


Collector's  OfficE| 
Baltimore^  June  29,  1846. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  27th  instant;  and,  in  reply,  state  that  no  cases  of  frauds 
mentioned  in  the  resolution  of  the  Senate  of  the  26th  instant,  hare 
been  committed  or  attempted  at  this  port,  on  the  importation  of 
sirups  as  molasses.  This  article  of  merchandise  is  subject  to  -the 
particular  inspection  of  the  surveyor  of  this  port,  who  reports  to 
me  as  above  stated. 

With  great  resp.ect,  sir,  your  obedient  servant, 

W.  H.  MARRIOTT,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury  of  the  United  States y 

'  Washington  City. 


No.  13. 

CtTSTOM-HousE,  NoRFOLK,  July  1,  1846. 

Sir:  I  have  received  your  letter  of  the  27th  ultimo,  submitting 
a  resolution  of  the  Senate  of  the  United  States  of  the  day  previous, 
in  relation  to  the  frauds  reported  to  have  been  committed  by  recent 
importations,  from  the  West  I|idia  islands,  of  sirup  as  molasses, 
&c.,  and  directing  a  report  to  be  made  of  any  cases  of  frauds  of 
the  kind  Teferred  to,  committed  or  attempted  at  this  port. 

In  reply,  I  have  the  honor  to  state  that  there  is  no  reason  to  be- 
lieve or  to  suspect  that  any  such  cases  have  occurred  at  this  port. 
,    I  am,  very  respectfully,  your  obedient  servant, 

CONWAY  WHITTLE,  Collector. 

Hon.  R.  J.  Walker, 

Secretary  of  the.  Treasury. 


No.  13. 


Collector's  Office,  Elizabeth  Citt, 

July  6,  1846. 

Sir:  In  reply  to  yours  of  the  26th  ultimo,  I  have  to  state  that, 
to  the  best  of  my  knowledge,  there  has  been   no  attempt  at  this 

frort  to  defraud  the  revenue  by  the  importation  of  "sirups   as  mo- 
assesj"  consequently,  I  have  formed  no  views  on  the   subject  of 
guarding  against  the  recurrence   of  such  frauds  as  are  teferred  to' 
m  the  resolution  of  the  Senate  of  the  United   States,  annexed  to 
your  letter. 

Very  respectfully,' your  obedient  servant, 

•     WM.  D.  PRITCHARD,  Collector. 
Hon  R.  J.  Walter, 

Secretary  of  the  Treasury,  Washington,  D.  C. 
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No.  14. 

Custom-house,  Washington,  N.  C, 

July  6,  1846. 

Sie:  In  answer  to  your  letter  of  the  27th  of  June,  I  have  to  say 
I*am  not  aware  of  any  cases  of  fraud  having  been  committed  in 
this  district  by  the  importation  of  sirups  as  molasses;  and  I  deem 
it  proper  to  state  that  I  apprehend  but  little  danger  of  any  such 
heii^  committed,  there  being  no  refineries  in  this  part  of  the  State, 
the  importation  and  the  consumption  of  molasses  being  too  small 
to  offer  inducements  to  violate  a  law  that  could  so  easily  be  de- 
tected. I  shall,  not\ythstanding,  endeavor  to  keep  vigilant  i^atch 
in  person,  so  far  as  practicable,  and  promptly  report,  if  any  attempt 
be  made  within  my  knowledge. 

I  am  unable,  at  this  moment,  to  suggest  any  measure  that  would 
be  likely  to  defeat  an  attempt  at  fraud  of  this  nature,  except  it  be 
by  levying  such  duty  as  would  make  it  pay  in  proportion  to  its 
value  with  sugar,  and  vigilance  and  strict  enforceoient  of  the 
revenue  laws. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

JAMES  K.  HATTON,  Collector. 


No.  15. 


Collector's  Office, 
*  Charleston^  July  1,  1846. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  27th  June,  with  the  resolution  of  the   Senate,  asking  for 
information  as  to  frauds  which  may  have  been  attempted  Ok 
mitted   in  this  port  by  the  importation  of  sirups  as  molasses. 

Nothing  has  occurred  here  inducing  me  to  believe  that  any  such 
fraud  has  been  either  attempted  or  committed.  There  are  no  sugar 
refineries  or  manufactories  in  this  vicinity,  and  the  sirup  here 
would  be  useless. to  the  importer.  ' 

If  the  molasses  hogsheads  were  properly  gauged,  and  the  mo- 
lasses examined  and  weighed  carefully,  I  should  presume  that  it 
would  not  be  difficult  to  detect  any  attempts  to  introduce  sirups  as 
molasses.  As  the  former  article,  however,  is  not  brought  into  this 
port,  I  have  no  experience  as  to  its  appearance  or  properties,  and 
could  offer  conjectures  only  as  to  the  proper  mode  of  detecting  it 
if  attempted  to  be  introduced  fraudulently. 
I  have  the  honor  to  be,  with  great  respect,  your  obedient  servant, 

W.  J.  GRAYSON,  Collector- 
lion.  R.  J.  Walker, 

Secretary  of  the  Treasury, 
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No.  16. 


Custom-house,  Savannahy  July  3,  1846. 

Sia;  Your  letter  of  the  27th  ultimo,  with  the  resolution  of  the 
Senate  of  the  United  States  annexed,  relating  to  the  frauds  reported 
to  have  bee;i  committed  by  recent  importations  from  the  West  India 
islands  into  ports  of  the  United  States,  has  been  received. 

In  reply,  I  have  the  honor  to  state  that  no  case  of  fraud  of  the 
kind  referred  to  has  been  cobmitted  or  atempted  at  this  port^  on 
the  importation  of  sirup  as  molasses. 

Mr.  Tupper,  the  weigher  and  gauger,  assures  me  that  no  fraud 
of  the  kina  has  been  attempted  here.  He  was  formerly  engaged 
extensively  in  commercial  business,  and  he  says,  should  a  case 
occur,  he  could  rely  with  confidence  upon  his  practical  experience 
and  knowledge  of  the  articles  (sirup  and  molasses)  to  detect  the 
same  without  doubt  or  hesitation. 

I  am  not  aware  of  any  test  that  I  could  suggest  that  would  be 
equal  to  the  practical  experience  smd  knowledge  of  the  examining, 
officer,  whose  vigilance  should  be  particularly  directed  to  the 
subject. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  BTJLLOCKy  Collector. 

Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 


No.  17. 


Collectoe's  Office, 

MobilcyJuly  6,  1846. 

Sm:  I  have  the  honor  to  report,  in  answer  to  your  favor  of  the 
27th  ult.,  that  no  frauds  have  occurred  in  the  introduction  of  sirups 
as  molasses  into  this  port)  at  least  during  the  last  fiscal  year;  for  I 
find  on  examination  that  no  molasses  have  been  imported  during, 
that  time  from  the  West  Indies. 

With  respect  to  the  measures  necessary  to  guard  against  the  re* 
cutrence  of  such  frauds,  I  beg  leave  to  say  that  my  attention  has 
not  been  sufficiently  drawn  to  this  subject  to  enable  me  to  make 
any  practical  suggestions.  The  subject  is  one  of  much  difficulty. 
^^Sirup  may  be  so  disguised  as  to  render  it  extremely  difficulty  if 
not  impossible,  for  even  experienced  sugar  refiners  to  decide 
whether  it  be  molasses  or  not."  (Professor  McCulloh,  Senate 
document,  28th  Congress,  2d  session.  No.  165.) 

The  best  general  remedy,  however,  suffer  me  to  remark,  not  only 
for  this,  but  for  all  other  attempts  to  defraud  the  revenue,  would  be 
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tbe  adoption  of  the  moderate  9cale  of  duties  heretofore  recom- 
mended by  you  to  Congress. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

JAMES  E.  SAUNDERS,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury. 


No.  18. 


Surveyor's  Office, 
JVeto  Orleans^  July  16,  1846. 

Sib:  Within  the  last  sixty  days  there  have  been  several  large 
importations  of  molasses  into  this  port,  and  two  of  the  cargoes 
have  been  subjected  to  a  chemical  analysis  by  an  able  professor^ 
and  found  to  be  molasses  and  not  sirup. 

Noticing  a  call  upon  the  Treasury  Department  for  information 
on  the  subject  of  the  fraudulent  importation  of  sirup  as  molasses^ 
I  have  thought  proper  to  communicate  to  the  department  that  no 
such  frauds  are  believed  to  have  been  practised  in  this  port  by  im- 
porters of  molasses. 

Very  respectfully,  your  obedient  servant, 

DAVID  HAYDEN,  Surveyor. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury ^  Washingtony  D.  C. 


No.  19. 


Custoh-bovse,  Apalachicola, 

July  20,  1846. 

Sir:  In  reply  to  your  letter  of  the  27th  of  June  last  in  regard  to 
the  fraudulent  importation  of  simps  as  molasses,  I  have  to  state 
that  no  such  evasions  of  the  law  have  been  attempted  at  this  port. 
The  entire  importations  of  molasses  made  during  the  past  year  at 
this  place  have  been  regularly  gauged  and  weighed,  and  there 
could  have  been  no  mistake  in  regard  to  its  true  character. 
Respectfully,  your  obedient  servant, 

SAML.  W.  SPENCER,  Collector. 
Hon.  R.  J.  Walker, 

Secretary  of  the  Treasury ^  Washington. 


No.  20. 


New  York,  July  20,  1846. 

Sib:  iThe  enclosed  letter  will  inform  you  something  of  the  char- 
acter and  the   object  in  view  which  the  Englishman  (Wilkins)  hai» 
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in  writing  to  the  Treasury  Department  about  frauds  on  the  revenue 
by  the  importation  of  molasses.  We  have  been  harassed  of  late 
by  the  detention  of  our  molasses  for  several  days  on  the  dock 
after  its  sale  to  the  grocers,  causing  us  great  inconvenience  and 
expense,  and  disappointment  to  the  purchasers  awaiting  the  result 
of  the  chemical  analyses  ordered  by  the  collector.  Recently  he 
has  employed  two  eminent  chemists  (Messrs.  Chilton  and  Thomas) 
to  analyze  imported  molasses;  the  first  analyzed  Nuevitas  (Cuba) 
molasses,  and  the  second  Puerto  Rico  and  St.  Croix  molasses,  and 
both  tests  have  given  the  same  results. 

The  Nuevitas  molasses  consigned  to  us,  marked  AR,  C  ,  and 
which  was  analyzed  by  Professor  Chilton,  after  keeping  it  on  the 
wharf  over  twenty  days  without  being  able  to  sell  it,  we  sent  to 
auction,  and  it  was  sold  by  the  auctioneers,  Messrs.  D.  C.  &  W. 
Pell,  to  the  grocers,  at  19^  and  20  cents  per  gallon,  at  four  months' 
credit.  A  better  proof  cannot  be  had  of  the  inferiority  of  this, 
molasses.  We  do  hope,  sir,  that  after  you  are  satisfied  of  the 
character  of  this  Wilkins,  and  of  the  recent  chemical  tests  of  the 
different  qualities  of  molasses  that  have  been  analyzed  by  order  of 
onr  collector,  something  will  be  done  to  prevent  the  frequent  vex- 
atious delays  we  are  constantly  subjected  to  after  our  molasses  is 
landed  on  the  dock  and  sold.  All  our  recent  importation  of  mo- 
lasses already  sold  to  different  grocers,  lays  exposed  on  the  dock 
to  the  weather,  and  risk  of  being  stove  by  carts.  The  collector 
won't  allow  the  purchasers  to  fake  it  away;  it  is  awaiting  your  de- 
cision which  we  do  hope  will  come  by  return  of  mailj  or  else  the 
purchasers  may  decline  taking  it,  and  we  thus  lose  the  sale. 

The  average  price  Nuevitas  molasses  has  brought  in  this  market 
for  the  last  ten  years  is  about  25  to  26  cents  per  gallon,  which  is  a 
little  under  that  brought  from  Puerto  Rico. 

The  object  this  Englishman  (Wiikins)  has  in  causing  all  this 
vexatious  trouble  is,  to  get  money  out  of  some  one.  He  has  tried 
to  levy  black  mail  upon  us;  has  called  on  the  surveyor  of  this  port 
for  the  result  of  the  chemical  analyses  of  the  molasses,  and  styles 
himself  the  representative  of  the  Louisiana  planters,  from  whom  he 
expects  large  remuneration  for  his  services  in  guarding  the  revenue 
from  fraud. 

The  enclosed  certificate  from  our  principal  grocers,  to  whom  we 
have  been  in  the  habit  of  selling  Nuevitas  molasses,  will  give  you 
their  views  about  said  article. 

Very  respectfully, 

HOLT  8l  OWEN. 

Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury. 

Every  collector  and  surveyor  of  this  port  for  the  last  fourteen 
years  have  had  the  molasses  from  Nuevitas  analyzed,  and  were 
convinced  to  their  satisfaction  that  it  was  nothing  but  molasses. 

We^  the  undersigned,  grocers  of  the  city  of  New  York^  do  cer- 
tify that  we  have  examined  all  the  secent  importations  of  Nuevitas 
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(Cuba)  molasses,  and  have  bought  and  sold  said  article  for  many 
years;  and  do  pronounce  it  nothing  more  than  molasses,  such  as 
we  are  in  the  habit  of  buying  from  Puerto  Rico,  St.  Croix,  and 
other  West  India  islands. 


New  Yoek,  July  20,  1846. 

A.  Hubbard  &  Co. 

Wm.  E.  Bird 

W.  &  G.  C.  WoodhuU 

Oliver  Corwin  &  Co. 

Craig  &  Lane 

Penfold  &  Schuyler 

Roberts  &  Spencer 

W.  G.  Streting  &  Co. 

Evans  &  Almy 

Southworth,  Litchfield  &  Beach 

Beale,  Melich  &  Delbit 

Danl.  F.  Youngs 

Datro,  Miller  &  Co. 

Hopkins  Hawley 


Burdick  &  Silkman 
Edwin  Smith 
Beers  &  Bogart 
Medad,  Piatt  &  Co. 
Thos.  Morrell 

B.  H.  Howell  &  Co. 
Jno.  J.  Moore  &  Co. 
Arcularius  &  Bonnett 
Williams  &  Hamley 
Henry  K.  Morgan 
Coman,  Hopkins  &  Co. 

C.  &  L.  Denison  &  Co. 
P.  G.  Arcularius  &  Co. 


New  York,  July  18,  1846. 

Si&:  Our  attention  has  been  called  to  several  communications  in 
the  public  papers  in  relation  to  frauds  on  the  revenue,  by  the  im- 
portation of  sirup  molasses  under  the  name  of  molasses;  and  as 
some  importance  has  been  attached  to  the  communications  made  to 
you  on  the  subject,  we  deem  it  our  duty  to  make  you  acquainted 
with  the  character  and  pretensions  of  your  informant. 
^  In  the  month  of  February  last,  an  Englishman  named  W.  F. 
Wilkins  called  on  us,  and  represented  himself  as  being  a  sober  and 
industrious  man,  and  that  he  understood  managing  steam-engines 
on  sugar  estates;  had  been  engaged  on  the  extensive  estate  of 
Monsieur  Millardon,  in  Louisiana;  was  perfect  master  in  making  a 
splendid  article  of  Muscovado  sugar,  &c.;  and  said  if  we  would 
send  him  out  to  Cuba,  with  a  recommendation  to  our  friends  there, 
he  was  sure  of  teaching  them  to  make  Muscovado  sugar  equal  to 
any  St.  Croix.  Having  then  a  vessel  about  to  sail  for  Nuevitas, 
we  told  him  that  we  would  give  him  a  free  pa^'sage  out  and  home, 
with  letters  to  our  friends.  He  then  begged  of  us  to  let  him  have 
|50  to  leave  with  his  wife,  as  she  was,  as  he  said,  without  means. 
He  seemed  so  anxious  to  go,  and  talked  so  much  of  his  thorough 
knowledge  in  sugar-making,  that  we  finally  let  him  have  the  $50; 
but  on  the  following  day  regretted  we  had  done  so,  as  we  found 
Mr.  Wilkins  was  not  the  sober  man  he  had  represented  himself  to 
be;  he  was  in  a  state  of  intoxication  till  the  vessel  sailed. 

On  the  day  of  his  arrival  at  Nuevitas  he  got  drunk,  and  accord- 
ing to  all  accounts  lay  in  that  state  on  the  wharf  the  greater  part 
of  the  time  whilst  the  vessel  was  loading.  During  some  of  his 
sober  moments  he  went  on  the  plantation  of  one  of  our  friends^  to 
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-whom  we  had  given  him  a  letter,  and  he  placing  great  confidence 
in  the  sugar-maker  we  had  so  highly  recommended,  delivered  over 
to  him  his  train  of  kettles,  that  he  might  have  an  opportunity  to 
go  on  and  make  the  splendid  su^ar  he  boasted  so  much  of  being 
able  to  make.  In  a  very  short  time  the  planter  plainly  saw  that 
Mr.  W.  did  not  at  all  understand  sugar-making.  He  wrote  to  us 
that  Wilkins  had  caused  him  about  $600  damages,  by  burning  the 
sugar  black  as  tar,  and  came  very  near  ruining  his  sugar  kettles. 
When  Wilkins  found  out  he  could  not  do  anything  there,  he  again 
gave  himself  up  to  drinking,  and  was  drunk  nearly  all  the  while 
till  the  time  of  the  vessel's  sailing;  and  after  his  arrival  here  we 
saw  him  staggering  out  of  the  cabin.  This  said  Wilkins  wrote  us 
a  letter  irom  Cuba,  which  he  brought  here  himself,  wherein  he 
says:  ^^My  intentions  were  to  have  made  as  much  money  out  of  the 
planters  during  crop  as  would  have  carried  myself  and  wife  to  Lon^ 
dony  and  a  little  to  spare.  In  this  I  am  disappointed — that  is^  dt- 
rectly;  but  I  am  certain  of  making  money  indirectly  by  the  trip^ 
which  may  in  the  long  run  abundantly  repay  me  for  the  said  trip,^^ 

You  thus  see  what  the  object  of  this  fellow  is  in  getting  the 
collector  of  the  port  to  have  Cuba  molasses  analyzed  by  chemists 
— molasses  that  the  su^ar-boilers  in  this  city  seldom  buy,  becausci 
they  say,  it  yields  so  little  sugar. 

Respectfully  submitted  by  your  most  obedient  servants,        ^ 

HOLT  &  OWEN,^ 

156  South  street. 

To  the  Hon.  R.  J.  Walkee, 

Secretary  of  the  Treasury ^  Washington, 


29th  CoKGBESS,  [SENATE.]  Execttivs, 

2d  Session. 


REPORT 

OF  THE 

SECRETARY  OF  THE  TREASURY, 

coMMmacATiNa 

A  report  of  scientific  investigatioiis  relative  to  the  chemical  nature 
of  saccharine  substances^  and  the  art  of  manufacturing  sugar; 
madcj  under  the  direction  of  Professor  A.  D.  Bache,  by  Professor 
R.  S.  McCulloh. 


March  1,  1847. 

Ordered  to  be  printed,  and  that  5,000  additional  oopios  le  printed  for  ih?  use  of  the  Senate 

Treasuby  Department^ 
February  27,  1847. 

Sir:  I  have  the  honor  to  transmit  herewith,  for  the  information 
of  the  Senate,  a  letter  from  Professor  A.  D.  Bache,  communicating 
a  report  of  scientific  investigations  relative  to  the  chemical  nature 
of  saccharine  substances  and  the  art  of  manufacturing  sugar,  made 
under  his  superintendence,  by  Professor  R.  S.  McCulloh. 

This  is  the  third  and  last  of  a  series  of  reports  of  the  chemical 
examinations  required  by,  and  made  in  obedionce  to,  an  act  of 
Congress  approved  3d  March,  1813;  the  first  and  second  of  which 
reports  are  cdntained  in  Senate  document  No.  165,  28th  Congres£iy 
2d  session,  and  in  Senate  document  No.  467,  29th  Congress,  l&t 
session. 
Tery  respectfully,  your  obedient  servant, 

R.  J.  WALKER, 
Secretary  of  the  Treasury. 
Hon.  Geo.  M.  Dallas, 

Vice  President  of  the  United  States^ 
and  President  of  the  Senate, 


Office  of  Weights  and  Measures, 
February  27,  1847, 

Sir:  In  the  month  of  June,  1844,  I  was  requested  by  the  Trea- 
sury Department  to  undertake  a  series  of  investigations  in  relation 
to  the  chemical  nature  of  molasses;  sirups,  sugars,  etc.|  required 
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by  an  act  of  Congress  approved  3d  March,  1843}  and  so  to  conduct 
these  inquiries  as  to  obtain  full  and  correct  information  for  the 
guidance  of  the  revenue  officers  in  distinguishing  sirups  from  mo- 
lasses, and  the  incidental  benefit  of  persons  interested  in  the  man- 
ufacture of  sugar. 

I  had  previously  been  requested,  in  a  letter  from  the  Hon.  J:  C. 
Spencer,  then  Secretary  of  the  Treasury,  of  the  13th  March,  1844, 
to  prosecute  such  researches  as  might  be  necessary  to  construct  an 
accurate  hydrometer  for  ascertaining  the  proof  of  spirits,  under  the 
authority  of  an  act  of  Congress  approved  12th  January,  1825,  and 
which  confers  upon  the  Secretary  of  the  Treasury  the  right  "to 
substitute  such  hydrometer  as  he  may  deem  best  calculated  to  pro- 
mote the  public  interest,  in  lieu^of  that  now  prescribed  by  law." 

I  therefore  consented  to  the  proposed  arrangement,  on  condition 
that  the  department  would  appoint  an  assistant,  competent  to  per- 
form the  chemical  analyses  required  by  these  researches,  under  my 
direction,  so  as  to  enable  me  to  prosecute  the  inquiries  with  proper 
rapidity,  and  without  interference  with  the  responsible  and  imper- 
ative duties  devolved  on  me  by  the  coast  survey,  and  by  the  con- 
struction of  the  standard  weights  and  measures. 

The  appointment  of  such  an  assistant  being  determined  upon  by 
the  department,  I  nominated  as  a  proper  person  Prcgpssor  R.  S. 
McCulloh,  formerly  professor  of  mathematics,  natural  philosophy, 
and  chemistry,  in  Jefferson  College,  Pennsylvania;  since  appointed 
melter  and  refiner  of  the  United  States  mint  at  Philadelphia. 

After  the  appointment  of  Mr.  McCulloh,  the  researches  were  at 
once  commenced  and  prosecuted  uninterruptedly  by  him.  In  de- 
vising  the  methods  to  be  followed,  and  performing  the  experiments 
required,  he  constantly  consulted  with  and  was  advised  by  me;  but, 
in  carrying  out  the  work,  much  had  of  necessity  to  be  left  to  his 
discretion. 

The  results  of  the  investigations  and  experiments  made  by  Mr. 
McCulloh,  in  so  far  as  they  relate  to  hydrometers,  and  have  been 
reported,  are  given  in  Senate  document  No.  165,  28th  Congress,  2d 
session;  and  upon  this  subject  further  experiments  and  inquiries  are 
still  to  be  made.  On  the  subject  of  sugars,  etc.,  two  reports  have 
already  been  submitted,  and  are  published  in  Senate  document  No. 
165,  28th  Congress,  2d  session,  and  in  Senate  document  No.  467^ 
29th  Congress,  1st  session;  and  the  third  and  last  report  is  here- 
with communicated  to  the  Treasury  Department. 

The  report  is  divided  into  four  chapters;  the  first  of  which  eon- 
tains  an  account  of  the  calculations  employed  in  the  method  of 
analyzing  sugars  by  polarized  light,  simplified  in  application  hj 
rendering  those  data  constant  which  do  not  depend  upon  specific 
differences  of  the  substances  analyzed;  various  experiments  and 
analyses  made  in  Cuba  to  determine  the  proportion  and  chemical 
properties  of  the  juice  of  Otaheite,  Creole,  and  Ribbon  cane,  and 
remarks  showing  the  practical  objects  of  such  inquiries. 

In  t^e  second  chapter,  the  present  state  of  the  art  of  manufac- 
turing and  refining  sugar  both  from  beet  and  cane  juice,  in  Europe, 
the  West  Indies,  and  the  United  States,  is  elaborately  discussed. 
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Tlie  defects  of  the  methods  commonly  employed  for  expressing  the 
juice  are  pointed  out,  and  an  account  is  given  of  the  various  at- 
tempts which  have  been  made  in  France  to  extract  the  portion  of 
joice  which  is  retained  by  the  pulp  when  it  has  passed  through  the 
mill.  The  subject  of  defecation  is  then  treated  of  fully,  as  well 
as  the  chemical  reactions  of  the  lime  with  the  various  impurities  or 
feculencies  in  beet  and  cane  juice,  and  the  use  of  animal  carbon 
for  remoTing  an  excess  of  lime  added  in  defecation  is  shown  to  Ue 
even  more  important  than  its  decolorizing  effects.  The  necessity 
of  filtration  is  proved,  and  the  various  kinds  of  cloth  and  bone- 
black  filters  are  described.  Then  follows  a  discussion  of  all  the 
methods  for  evaporating  saccharine  juices  hitherto  tried;  and  after 
pointing  out  the  injurious  effects  and  the  waste  of  the  methods  of 
evaporation  in  pans  subjected  to  the  direct  action  of  the  fire,  or  by 
exposing  the  juice  to  the  air  upon  heated  metallic  surfaces,  the  ad- 
vantages of  evaporating  by  steam  and  in  vacuo  are  set  forth  in  an 
account  of  the  various  apparatus  invented  for  the  purpose,  and  in 
which  Howard's  vacuum  pan,  the  vacuum  pan  of  Roth,  and  the 
systems  of  Derosne  and  Rillieux  are  discussed.  On  the  improve- 
ments of  Rillieux  particularly,  which  are  now  exciting  so  much 
interest  in  Louisiana,  and  which  enable  the  planters  to  make  sugar 
of  perfect  quality,  full  information  is  given.  And  the  economy  of 
the  successive  use  of  latent  heat  in  trains  of  evaporating  pans, 
which  constitutes  the  chief  feature  of  Rillieux's  system,  is  proved 
by  a  simple  calculation. 

The  principles  of  crystallization,  by  attending  to  which  the  plan- 
ter can  give  to  his  sugar  any  desired  size  and  strength  of  grain,  are 
next  succinctly  stated,  and  illustrated  by  facts  taken  from  the  re- 
sults of  the  present  practice  of  sugar  boilers.  Attention  is  then 
directed  to  molasses,  as  a  saturated  solution  of  crystalliz^ible  sugar, 
and  the  importance  of  extracting  this  sugar  is  urged.  This  chapter 
ends  with  an  article  on  the  use  of  boneblabk,  us  properties,  pre- 
paration, and  revivification. 

The  third  chapter  relates  first  to  the  innportation  of  molass  ^, 
sirups,  &c.,  and  it  is  shown  to  be  impossible  for  the  revenue  offict  s, 
in  some  cases,  to  decide  whether  an  article  is  genuine  molasses 
of  superior  quality  or  sirop  de  hatterie^  and  that  in  such  in- 
stances chemical  analysis  can  furnish  no  additional  information 
which  will  aid  the  officer.  This  chapter  closes  with  facts  relating 
to  the  subject  of  drawback  on  refined  sugar. 

The  fourth  chapter  contains  the  results,  arranged  in  tabular  form, 
of  the  chemical  analyses  of  several  hundred  specimens  of  molasses, 
sirup,  saccharine  sediments,  or  deposites  taken  from  casks  in  which 
molasses  was  imported,  and  of  sugars,  together  with  the  optical 
observations  and  general  descriptions  of  those  specimens,  which 
-were  nearly  all  taken  by  the  revenue  officers,  in  obedience  to  orders 
from  the  Treasury  Department. 

The  report  concludes  with  an  appendix  explanatory  of  the  ac- 
companying diagrams  of  the  various  improved  apparatus  now  used 
in  refining  or  manufacturing  sugar. 

The  information  thus  given,  together  with  that  contained  in  for- 
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mer  reports  upon  these  subjects,  constitutes  a  body  of  knowledge 
which  will  probably  be  found  valuable  alike  to  the  officers  of  the 
revenue,  to  the  legislative  branch  of  the  government,  and  to  all 
interested  in  the  manufacture,  the  refining,  or  the  importation  of 
sugar. 

Very  respectfully,  yours, 

ALEX.  D.  BACHE, 

Superintendent  of  Weights  and  Measures^  tfc. 
To  the  Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury, 


Philadelphia,  February  24,  1847. « 

Dear  Sir:  I  have  the  honor  to  communicate  to  you  the  following 
report  of  investigations  with  reference  to  saccharine  substances, 
made  in  obedience  to  an  act  of  Congress  of  March  3,  1843,  and 
which  investigations  have  been  performed  by  Mr.  J.  B.  Reynolds 
and  myself,  in  such  manner  as  you  have  from  time  to  time  been 
pleased  to  direct,  either  orally  or  by  written  instructions. 

In  the  month  of  August,  1845,  the  collectors  of  the  ports  of 
Boston,  New  York,  Philadelphia,  and  Baltimore,  were  ordered  to 
lake  samples,  for  chemical  analysis,  from  every  lot  of  sirup,  sugar^ 
molasses,  and  of  sediments  in  molasses,  which  should  be  imported 
at  said  ports  within  sixty  days  after  the  reception  of  the  order,  and 
to  transmit  these  samples  to  me  at  Philadelphia,  with  all  the  in- 
formation requisite  to  identify  the  place  of  manufacture,  circum- 
stances of  importation,  and  nature  of  each  sample.  Several  hun- 
<ired  specimens  were  collected  and  sent  to  me  by  the  revenue  ofiS- 
cers,  in  obedience  to  these  instructions.  They  have  all  been  care- 
fully analyzed,  and  the  results  of  the  analyses,  together  with  the 
observed  data  and  descriptions  of  distinguishing  features,  or  differ- 
ences in  color,  taste,  grain,  &c.,  are  now  given  fully  in  chapter  4 
of  this  report.  For  the  purpose  of  rendering  evident  the  general 
facts  or  conclusions  which  are  established  by  these  numerous  ana- 
lyses of  every  variety  of  sugar  and  molasses  usually  met  with  in 
the  markets  of  the  United  States,  as  well  as  for  convenient  refer- 
ence, I  have  also  arranged  the  results  in  tables  1,  2,  3,  &c.|  of  the 
iiame  chapter. 

Whatever  may  have  been  the  design  of  that  part  of  the  resola- 
tion  which  required  the  question:  ^^  what  quantity  of  sugar  is  con- 
tained in  different  saccharine  substances'?"  to  be  answered  by 
chemical  investigations,  the  answer  will,  I  trust,  be  found  fully  and 
eatisfactorily  given  by  the  facts  now  renorted. 

To  the  examination  of  sirups  and  molasses  attention  has  been  es- 
pecially paid,  in  consequence  of  suspicions  entertained  by  some, 
and  public  statements  made  by  others,  that  extensive  frauds  have 
heen  committed  upon  the  revenue  by  the  importation  of  pure  sirups 
under  the  name  of  molasses.  Upon  this  subject  I  have  already 
made  a  partial  report,  which  has  been  embodied  in  a  communication 
to  the  Senate  made  by  the  Secretary  of  the  Treasury)  and  to  which 


I  beg  leare  to  refer.     (See  Senate  docoment^^No.  467,  sessioia  hit^ 
i9th  Congress.)  \ 

The  further  refleqlions  now  submitted  in  chapter  3  will,  I  bapei 
serve  to  enligliten  legislation  and  the  administration  of  th^  rerecLiiie 
laws  upon  these  matters;  and  the  facts  therein  set  forth  .will  pKO-* 
bably  b«  of  value  also  to  those  interested  in  the' manufacture  amd 
refining  of  sugar. 

The  method  employed  and  chiefly  relied  upon  in  the  analyaep 
was  that  of  M.  Biot,  based  upon  the  circular  polarization  of  ligh^i 
originally  d^cribed  in  the  CompUs  Rendus  des  Sd^nces  and  in  tb# 
Memoirea  de  PJicadSmie^  and  which  I  have  also  discussed  in  a  for- 
mer preliminary  report  contained  in  Senate  document  No.  165,  8d 
session,  28th  Congress.  This  method  for  the  analysis  of  sugar  haS| 
in  my  opinion,  the  great  advaiUage  over  all  others  of  perfect  a^* 
curaey,  united  with  great^facility  of  proper  perfprmance,  so  that  a 
larger  number  of  exact  analyses  may  be  readily  made  by  it  in  a 
given  time  than  by  any  other.  Having  checked  it  by  other  metli-* 
ods,  as  well  as.  by  synthetical  experiments,  I  have  not  heaitated  to 
extend  to  it  thev  entire  confidence  which  it  deserves,  ^bere  is 
something  apparently  so  abstract,  so  totally  different  from  the 
usual  methods  of  evaporation,  precipitation,  v^eighing,  jtc,  in  this 
employnaent  of  a  ray  of  light  to  determine  quantities  of  gross  mat-* 
ter  in  solution,  that  it  seems  almost  too  fanciful  to  be  real.  Science 
is  f«U  of  such  beautiful  applications;  the  mariner's  compass,  fat 
instance,  tndieating  the  meridian  in  obedience  to  th^  pt>wer  of  a  no 
less  ethereal  agent,  and  which  has  ceased  to  be  wondered  at  Hy^n 
cause  it  has  grown  fapiiliar  by  common  use. 

The  calculations  required  by  the  method  of  circular  polarization 
coDstttBte^with  many  a  serious  objection  to  its  use.     They  are  sim- 
ple, and  easily  made  with  the  aid  of  ilogarithims;  but,  as  I  have  de- 
sired to  render  this  report  as  free  from  mathematical  calculations 
as  possible,  as  well  as  to  avoid  unreasonable  length,  I  have  not 
given  the  calculations  in  full  of  more  than  two  or  three  analyses^ 
wUeh  may  serve  as  examples  for  any  one  who  is  disposed  to  com* 
pute  from  the  observed  data  of  any  analysis  the  resulting  per  cent, 
of  sugar  containe<f ;  and  thus  to  check  the  truth  of  the  reported 
result.    In  jastice  to  Mr.  Reynolds,  I  should  here  state  that  he  has 
repeated  the  calculations  of  all  ^he  analyses  given  in  chapter  4, 
and  thus  endeavored  to  render  them  free  from  accidental  errors: 
their  general  accuracy  may,  therefore,  be  confidently  relied  upon. 
After  all  the  samples  sent  froo^  the  different  .ports  bad  been  once 
analysed,  many  of  the  analyses  were  carefully  repeated.  The  num- 
ber thus  re-aaalysed  was   probably  .  one-third  of  the  wl^ole,  and 
comprised  all  which  were  considered  in  the  least  degree  doubtful, 
and  many  which  were,  pn  the  contrary,  selected  at  random,  and 
regarded  as  fully  entitled  to  credit.     The  object  of  this  repetition 
was  to  correct  errors  wherever  they  were  supposed  to  exist,  and  to, 
check  work  presumed  to  be  correct.     The  results  obtained  were 
entirely  confirmatory. 

During  the  interval  which  elapsed  between  the  time  of  thf  pr<a- 
paratioft  of  my  first  or  prelimi.  ary  report^  and  that  at  vhich  I   e« 
11  * 
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ceived  from  the  revenue  officers  the  specimens  they  had  collected ^ 
much  of  my  attention  was  devoted  to  researches  connected  mere  or 
less  directly  with  the  subject  of  hydrometers.  I  then,  in  obedience 
to  your  instructions,  visited  the  towns  of  Portland,  in  Maine;  Ports* 
mouth,  in  New  Hampshire;  Newbury  port,  Salem,  Boston,  and  New 
Bedford,  in  Massachusetts;  Providence,  Bristol,  and  Newport,  in- 
Rhode  Island;  New  Haven,  in  Connecticut;  and  the  cities  of  New 
York,  Philadelphia,  and  Baltimore;  the  object  of  these  visits  being 
partly  to  inspect  the  condition  of  the  hydrometers  tised  in  these 
various  ports,  by  comparing  them  with  standard  instruments  taken 
with  me,  and  belonging  to  the  Treasury  Department,  as  well  as  to- 
ascertain  the  respective  practices  of  the  ports,  both  in  proving  alco*^ 
holic  liquors  and  in  gauging  molasses;  and  partly  to  learn  the  yield 
of  refining  sugar  in  this  country,  iit  reference  to  the  proper  deter- 
mination of  the  drawback  to  be  allowed  on  foreign  sugars  refined 
in  and  exported  from  the  United  States.  The  information  thus  col- 
lected, in  as  far  as  it  is  relative  to  the  question  of  drawback,  is  now 
Jiven  in  chapter  3;  but  the  facts  whiqh  refer  to  the  subject  of  hy- 
rometers  will  be  hereafter  communicated  in  a  separate  form. 
After  the  reception  of  the  above-mentioned  samples  of  sugar  and 
molasses,  &c.,  so  large  was  their  number  that  I  requested  and  ob- 
tained permission  to  employ  some   competent  chemical  assistant, 
who  might  not  only  aid  me  in  any  operation  when  called  upon,  but 
also  himself  conduct  analyses  under  my  superintendence.    ,In  ma- 
king this  reqdest,  I  was  governed  both  by  considerations  of  econo- 
my and  by  a  desire  to  bring  the  work  to  as  early  a  termination  ar 
fiassible.  The  services  of  Mr.  J.  B.  Reynolds,  then  assistant  in  the 
aboratory  of  the  collegiate  department  of  the  University  of  Penn- 
sylvania, and  previously  in  the  magnetic  observatory  of  the  Girard 
College,  were  consequently  engaged,  at  a  very  moderate  rate  of 
compensation;  and  it  gives  me  great  pleasure  to'state  that  I  found 
in  Mr.  Reynolds  a  most  faithful,  efficient,  and  intelligent  assistant. 
His  practical  knowledge  of  chemistry  enabled  him  at  once  to  make 
himself  familiar  with  tbe  peculiarities  of  the  analyses,  and  to  give 
him  skill  in  their  performance.     I  therefore  felt  no  hesitation  in 
recommending  that  the  work  in  Philadelphia  should  be  continued 
uninterruptedly  by  Mr.  Reynolds  during  my  contemplated  journey 
to  Louisiana  and  Cuba.   Of  the  manner  in  which  he  acquitted  him- 
self of  tbe  responsible  task  intrusted  to  him,  his  own  informal  re- 
ports to  you  will  have  enabled  you  to  judge.     I  will  simply  add 
that  his  work  has  been  checked  and  confirmed  by  tbe  analyses  made 
since  my  return;  and  that  so  industriously  did  Mr.  Reynolds  prose- 
Cute  his  labors  in  my  absence,  that  the  larger  portion  of  the  analy- 
ses given  in  chapter  4  were  made  by  him  alone,  and  before  my  re- 
turn. 

As  many  saccharine  substances  cannot  be  kept  long  in  mild  cli- 
mates without  undergoing  change  by  fermentation,  it  was,  of  course.  " 
impossible  to  base  correct  conclusions  respecting  their  chemical 
nature  and  properties  upon  any  investigations  of  them  made  after 
they  had  been  subjected  to  thetinfluence  of  a  sea  voyage,  chansf^ 
of  climate,  &c.  It  was,  thereforci  thought  necessary  that  these  sub* 
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fttanceB  shoold  be  examided  in  the  places  of  their  production;  anl 
to  that  end,  that  I  should  go  both  to  Louisiana  -and  Cuba.  *  Tbe  al- 
leged frauds  upon  the  revenue,  the  conflicting  views  and  statements 
oi  persons  professing  a  full  knowledge  of  facts,  and  the  important  ' 
interests  connected  with  and  dependent  upon  the  manufacture  of 
sugar,  constituted  reasons  which,  if  there  had  been  no  other,  would 
have  required  the  journey  to  be  undertaken.  So  comprehensive  and 
indefinite  is,  however,  the  act  of  Congress  instituting  these  inqui- 
ries, that  the  instructions'!  received*  were  of  necessity  very  gene- 
ral, and  left  mux^h  to  my  own  discretion.  If,  therefore^ in  endeav- 
oring to  comply  with  and  carry  them  out  in  their  spirit,  by  direct-  , 
IDS  ^7  attention  chiefly  to  those'  matters,  which  appeared  to  me 
most  important,  either  to  the  government  or  to  the  sugar  industry 
of  our  country,  I  have  erred  in  judgment  in  any  matter,  the  error 
will,  I  trust,  be  deemed  one  that  could  not  readily  have  been  guard- 
ed against. 

I  am  fully  conscious  of  the  imperfections  of  that  portion  of  my 
report  which  is  contained  in  chapters  land 2,  and  which  is  design- 
ed to  furnish  information  to  planters,  refiners,  and  others,  respect- 
ing the  chemical  nature  and  the  proper  mode  of  the  mamufacture 
of  cane  sugar.  But  such  as  it  is,  it  will,  I  hope,  be  found  to  con- 
tain only  views  based  upon  correct  scientific,  principles,  and  there- 
fore be  useful  to  many  who  are  apt  to  be  misled  by  erroneous,  state- 
ments. 

In  anticipation  of  my  journey  to  the  south,  and  in  obedience  ito 
your  orders,  I  had  collected  together,  and  caused  to  be  carefully 
and  compactly  packed  iji  boxes^  such  apparatus  ^s  would  be  neces- 
sary for  the  proper  performance  of  any  analyses  I  might  find  it  re- 
quisite to  make  either  in  Louisis^na  or  Cuba.  Notwithstanding  all 
my  efforts  to  reduce  the  bulk  x)f  such  apparatus,*  it  firfed  several* 
boxes.  This  proved'a  source  of  serious  incumbrance;  for  by  reason 
of  the  unusual  and  early  severity  of  the  winter,  the  Ohio  river  be- 
came firmly  frozen  on  the  very'day  I  reached  it  on  my  way  to  New^ 
Orleans,  ^the  6th  of  December,  1845,  and  remained  so  during  the 
whole  of  that  month,  and  until  I  finally  retraced  my  steps  at  the 
beginning  of  January.  Had  my  baggage  consisted  only  of  my  wear- 
ing apparel,  I  might  have  gone  by  land  to  Memphis,  Tennessee, 
and  thence  by  the  Mississippi  to  New  Orleans.  But  such  a  journey 
became  impracticable,  in  consequencb  of  the  apparatus  I  was  obliged 
to  carry  with  me;  and  I  had  therefore  no  alternative  but  to  return, 
or  wait  until  the  navigation  of  the  river  should  open.  I  had 
already  b^en  induced  by  the  probability  of  the  occurrence  of  milder 
weather,  and  of  a  thaw,  to  linger  upon  the  Ohio  until  I  felt  at  lib- 
erty to  wait  nb  longer;  and  having  written  for  instructions,  which, 
though  sent,  failed  to  reach  me,  I  determined  to  return  to  Wash- 
ington, and  act  in  obedience  to  such  orders  as  might  there  be  given 
me.  The  time  had  passed  in  which  I  could,  with  any  reasonable 
expectation,  seek  to. arrive  in  Louisiana  during  the  sugar-making 
season;  and  the  gathering  of  the  Cuba  crop  had  commenced.  Under 
these  circumstances,  th^  Secretar}  of  the  Treasury  saw  fit  to  direct 
that  I  should  go  to  New  York,  and  thence  proceed  to  Cuba  with  as 
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little  delay  as  practicable.  I  apcordiogjj  weAi  j»l  :o^ce  to  Nfiir 
foxk^  and  engaged  my  passage  in  the  Havan.^,  packet  which  sailed 
CO  the  lOlh  January,  but  my  apparatus  did  not  arriye  in  time;  it 
lia4  been  detained  in  consequence  of  deep  snows  among  the -moQii- 
ii^insj  over  which  it  was  conyeye4  by  wagon.  No  other  vessel  was 
expected  to  ^ail  directly  for  Cuba  within  a  month';  I  therefore  sought 
ihe  advice  of  merchants  engaged  in  the  Cuba  trade,  who  recom* 
Bkended  that  I  should  sail  either  to  Charleston  or  New  Orleans,  and 
Bad  there  take  passage  for  Havai^a  in  one* of  the  vessels  constantly 
engaged  in  carrying  rice  or  other  provisions.  I  preferred  to  go  by 
Ijrsiy  .of|  Ne^  Orleans, 'because,  though  less  direct,  I  could,  if  de- 
'llijuied,  occupy  myself  advantageously  in  examining  the  Louisiana 
ingar  industry.  In  making  this  choice,  I  have  reason  to  believe 
tk^t  I  acjted  wisely;  for  though  I  did  not  reach  New  Orleans  before 
tke  close  of  the  grinding  season,  I  yet  found  the  short  stay  I  was 
obliged  to  make  there  of  great  value,  by  reason  of  the  informatiQa 
]t  e&abled  me  to  obtain.  I  would  gladly  hstve  protracted  my  visit 
1o  Louisiana,  and  my  study  of  its  sugar  interests,  but  I  felt  bound, 
in  obedience  to  my  orders,  and  in  consideration  of  the  rapidly  ap- 
proaching termination  of  the  grinding  season  in  Cuba,  to  hasten 
my  departure,  and  ^therefore  took  passage  in  the  first  vessel  which 
mltcd  for  Havana. 

In  consequence  pf  letters  which  [  took  to  the  commercial  ho|ise 
of  Drake  Brothers  &  Co«,  and  which  were  politely  given  to  me  by 
H/oses  Taylor,  es(^.,  an  eminent  merchant  of  the  city  of  New  York, 
I  enjoyed  eveiy  facility  I  could  desire  for  the  prosecution  of  my 
xesearches  in  Cuba*  Having  ascertained  that  there  were  no  la^ge 
sugar  estates  in  the  immediate  vicinity  of  the  city  of  Havana,  I 
^ent  first  by  railroad  to  $an  Julian  de  los  Guinea,  a  town  of  2,600 
"inhabits ntsi|  about  forty-fives  miles  from  Havsna  and  ten  miles  from 
^le  sea,  on  the  south  side  of  the  island.  The  principal  objects  I  pro- 
I  josed  to  attain  l)y  this  trip,  were,  first,  to  examine  cursorily  the 
pIantatioj)s  in  the  neighborhood  of  Guines,  and  particularly  the  In- 
gtnio  Amistad^  a  sugar  estate,  upon  which  a  Derosne  train  was  in 
Wiccessful  operation;  and,  secondly,  to  observe  the  transverse  geo- 
logical section  of  th^  island,  so  that  I  might  form  some  conception 
of  the  nature  of  its  various  soils. 

Quints  is  situated  in  a  large  and  perfectly  level  plain,  compri* 
nng  an  area  of  about  200  square  miles,  and  eJiciending  on  the  south 
quite  to  the  sea,  while  on  the  other  three  sides  it  is  hemmed  in  by 
flistant  and  bold  mountains.  This  plain  rests  upon  a  ckalk  forma- 
tipn;  and  being  well  watered  by  numerous  and  beautiful  rivers,  it 
consiitutes  one  of  the  most  fertile  districts  in  the  island. 
'  Here  are  seen  large  coffee  estates,  divided  by  avenues  of  royal 
^alms^  of  cocoas,  ai«d  of  mangoes,  into  numerous  and  regular 
Iquares,  in  which  the  coffee  tree  and  the  banana  are  densely  planted 
fai  alternate  rows,  and  around  which  the  orange,  the  lime,  and  the 
UmoD,  the  pomegrante  and  the  rose  apple,  form  a  border  loaded 
kith  delicious  fruits,  and  constantly  ornamented  with  fragrant  and 
fcstttiful  flowers;  while  along  the  avenues  rows  of  pine  apples  lino 
the  carefully,  graded  walks,  in  which  no  bUde  ci  grass  is  permitted 

^grow,   nd  atone  walls;  upon  whi6!i  the  s'^ht  blooming  cerei 
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cite4^k  affd  thrltes  ih  the  mfettse  li^Iit  aird  heat  of  the  solaY  rays,  (»r 
hedges  of  aloes,  whose  spear-like  leaTCS  cffectualljr  prevetii  innif-  ' 
iiotk  frotn  man  or  beast,  enclose  the  whole.     In  the  very  centre  of 
titth  a  parailise  as  this,  often  including  two  or  three  hundred  acfe^^ 
the  coffee  planter  erects  his  dwelling  and  finds  his  home. 

Here,  afso,  bold,Iy  contrieisted  with  the  quiet  and  stnidied  beautjr 
of  the  neighboring  coffee  estate,  appears  the  sugar  plantation,  in  its 
utter  plainness.  Large  fields  of  luxuriant  cane  stretch  fai^  dtitt 
wide;-  the  moncttony  of  the  landscape  being  broken  only  by  a  fe# 
scattered  royal  palm  trees,  rising  perpendicularly  to  the  heigbt  6f 
fifty  or  sixty  feet,  and  then  spreading  out  their  long  "feathery  leavcif 
in  a  stately  crest;  and  by  the  immense  buildings  ysed  for  the  maii- 
uf Aeture  of  the  sugar,  above  thie  roofs  of  which  rise  the  high  chirtt-  • 
npys  of  the  furnaces,  etoitting  dense  volumes  of  black  Smoke,  an'd 
indicating  that  the  steatn  engine  and  the  spirit  of  commercial  en- 
terprise are  busily  at  work.  No  avenues  or  groves  adorn  thcf  prt*- 
mises,  not  even  about  the  mslnsion  of  the  proprietor,  which  h 
«saaUy  extremely  plain  and  placed  i^  the  very  midst  6f  bis  ofhfer 
buildings,  more  as  an  ofiSce  for  business  than  as  a  pleasant  abodi!; 
the  whole  establishment,  indeed,  often  serving  the  purpose  rather 
af  an  itnmeniie  factory  than  of  a  country  residence  for  the  wealthy 
owner  and  his  family,  who  not  unfrequently  spend  their  time  iii 
the  cities. 

Neither  the  caffee  nor  the  ^sugar  estates  of  the  pidin  of  Guritdl 
are,  however,  more  interesting  than  the  li^xurianf  growth  of  Us  naf- 
ttve  forests.  Immense  cedars,  with  trunks  six  feet  in  diabeter  anH 
^  fifty  feet  in  length,  aremingled  with  Itffty  palms, the  huge  ceyba^  thie 
valuable  mBhogany^  the  ebony,  and  the  Hgnumvitfie;  while  the  ^iI9 
oraage,  various  small  treed,  innumerable  vines,  and  parasite^  or  a9f 
plants  of  a  thousand  different  species,  form  an  undergrowth,  too 
dense  for  any  but  the  smallest  animals  to  enter.  Here  the  cbemiiit  ^ 
may  see  illustrated,  on  a  grand  scale,  the  truth  that  plants  derivfe 
their  nourishment  chiefly  fronxthe  atmosphere;  for  here  th^  struggle 
it  net  for  soil,  in  which  roots  may  be  firmly  and  deeply  fastened^! 
bat  for  a  few  inches  of  6pen  sky,  through  which  to  catch  a  portida 
of  air  and  of  life-giving  solar  light — a  struggle  in  which  th^  palii^ 
sites  seem  to  hav^  greatly  the  advantage,  fastening  themselves  upoti 
and  finally  crushing,  as  they  do,  eVen  the  strongest  tree  that  up^ 
liolds  them.  Of  all  these  parasites  none  is  more  powerful  aiid  sin^ 
galar  tham  the^eur  tndtca,  the  Indian  rubber  tree.  Attaching  itself 
first  as  ua  air  plant,  in  the  fqrm  of  a  feeble  vine,  to  the  lafty  bran'cli 
of  some  gigantic  tree,  it  grows  downwards,  dividing,  as  it  falls', 
into  oumeraua  branches:  these  branches  reach  the  ground  and  talte 
root,  and  each  becomes  the  attachment  of  a  separate  trunk;  aH 
uited,  however,  above  in  one  common-  stem.  The  plant  then 
gvowa  rapidly,  increasing  greatly  i^  thickness,  and  sending  off  froai 
^each' trank,  laterally  and  upwards,  branches  which  entwine  ab^tft  ^ 
the  plareat  tree.  Soon  each  interwoven  stem  tind  bi'anjch  of  The 
parasite  attains  a  size  varying  in  diameter  from  four  or  fiire  inchei 
to»a  foot;  and  the  lordly  tree,  which  had  often  proudly  witbstf>od 
tke  tropical  bufrieane,  and  which  had  at  first  generously  supported 
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the  delicate  viae,  now  becomes  ita  px^J}  and  decays  wUhia  its 
deadly,  and  crushiog  embrace. 

Willi  no  fact  was  I  more  struck,  during  the  whole  of  my  stay. in 
the  island,  than  oj^ith  the  Tgor  of  Yegetable  life,  an*!  its  dep.endence 
rather  upon  the  agency  of  heat  and  light  than  of  Qiere  soil*  The 
theory  ot  the  growth  of  plants,  which  has  been  the.result  of  sw^h 
detailed  experiments  and  labored  arguments  among- northern  che- 
mists,  here  forces  itself  at  once  on  the  mind,  and  compels  conTic- 
tion  through  the  medium  of  the  senses.  Who  that  sees  parasites 
growing  upon  every  tree^  dead  or  alive,  whether  the  wood  thereof 
be  soft  or  spongy,  or  bard  as  iron;  whether  it  be  green  and  abound- 
ing in  sap,  or  dry  and  seasoned;  and  the  cactus  flourishing  beneaih 
a  vertical  sun  upon  the  surfaces  of  naked  rocks,  can  persuade  him^ 
self  that  soil  is  indispensable  to  vegetable  growth? 

The  preceding  observations,  whatever  value  they  may  jiave  in 
their  general  scientific  bearing,  have,  however,  a  relation  more 
closely  pertaining  to  the  subjects  of  this  report,  inasmuch  as  they 
present  the  grounds  upon  which  I  base  the  opinion  I  entertain, 
that  whatever  advantages  the  rich  diluvial  soil  of  Louisiana  may 
possess,  these  are  morie  than  counterbalanced  by  the  increased 
vigor  of  vegetable  life  upon  lands  in  Cuba  even  of  much  inferior 
quality. 

At  Guines  I  found  no  difficulty  in  hiring  good  horses,  it  being,  a 
place  much  frequented  by  strangers,  and  particularly  by  consump- 
tive invalids  from  the  United  States. .  With  no  other  guides  than 
some  of  my  suffering  fellow-countrymen,  who,  in  their  daily  exer- 
cise on  horseback,  bad  grown  familiar  with  th&  various  roads,  I 
passed  from  one  estate  to  another,  without  a  single  letter  of  intro- 
duction to  commend  me  Xh  attentiqn,yet  everywhere  received  with 
perfect  politeness,  and  with  that  generous  and  easy  hospitality 
which  distinguishes  the  native  population  of  Cuba,  no  less  than  the 
planters  of  our  own  country.     .  •     " 

Thus  I  spent  my  tim'e  at  Guines,  and  returned  to* Havana  after 
an  absence  of  but  three  days.  I  had  fully  accomplished  the  ob- 
jects of  my  visit,  having  made  a  rapid  though  careful  i^onnois- 
sance  of  the  industry,  the  vegetation,  and  the  geology  of  a  large 
section  of  the  island.  From  what  I  had  seen,  I  had  obtained  in- 
J^rmation  which  enabled  me  to  form  a  more  definite  plan  for  the 
prosecution  ,pf  my  investigations;  and  th«  well  managed'  sugar 
estates  (furnished  with  costly  machinery)  which  I  visited,  and 
:V(rbich  had  each  required,  on  an  average,  an  investment  of  not  less 
than  a  hundred  thousand  dollars  in  fixed  capital,  had  cintirely  dis- 
pelled from  my  'mind  all  preconceived  notiona  derogatory  to  the 
enterprise  and  intelligence  of  the  Spanish  Creole* 
.  The  planters  of  Cuba,  whether  we  judsfe  them  by  the  progress 
i^ade  in  improvements,  by  the  skill  exercised  in  tbe  operations  of 
.  manufacture,  by  the  judicious  management  of  their  estates,  or  by 
th^  information  and  intelligence  they  display,  may  certainly  be 
considered  as  the  equals  of  our  own  fellow-citizens;  and  should 
tbia  island  ever  become  free,  her  prosperity  will  perhaps  exceed 
|hat  of  any  equal  extent:  of  tei'ritory  in  Noxth  America;  for  aatuce 
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iias  blessed  h^r  witb  s  climate  and  a- degree  of  foctility  unsurpaMel 
by  those  of  any  part  of  the  globe*  .       ;  .; 

Leaving  Haylana  immediately  after  my  return  fiom  Ouines,  I 
proceeded  to  Matanzas,  and  went  directly  out  to  the  large.  sugAr 
estates  in  the  country  south  of  that  port,  to  which  my  attention 
bad  been  particularly  directed  by  the  honorable  R.  J.  Walker^ 
Secretary  of  the  Treasury.  Letters  had  been  politely  given  met 
by  Mr.  Brinkerboff,  of  the  house  of  Drake  Brothers  &  Co.,  to 
James  Macomb,  esq. 9  proprietor  of  the  Ingenio  Victoria^  neac' 
Limonari  and  to  Jno.  Duggan,  esq.,  of  th^  Ingenio  Sarmtogaj  a» 
large  estate  belonging  to  the  above-mentioned  commercial  house* 
Under  the  hospitable  roof  of  Mr.  Macomb  X  Was  most  politely 
welcomed,  and  enjoyed  for  several  days  every  facility  for  the  care- 
ful observation  of  the  method  employed  in  the  manufacture  of 
muscovado  sugar. 

From  this  plantation  I  went  next  to  the  Sairatoga  estate,  where 
Mr.  Duggan  received  me  most  cordially,  and  invited  me  not  only 
to  n^ke  his  house  my  home  during  the  rest  of  my  stay  in  the  is- 
land, but  also  to  permit  him  to  send  to  Matanzas  (25  miles  distant) 
for  my  apparatus,  and  to  prosecute  my  chemical  researches  witb 
his  assistsnce,  and  under  his  notice.  A  room  was  tendered  to  me 
for  the  purpose,  and  I  was  assi^red  that  my  acceptance  of  it  would 
be  a  source  of  real  gratification.  At  first  I  was  disposed  to  decline 
this  most  desirable  offer,  supposing  it  to  have  been  prompted  by* 
the  e$treme'*politeness  and  hospitality  of  Mr.  Duggan^  and  feeling 
unwilling  to  trespass  upon  his  generosity.  But  the  invitation-wasr 
urged  in  such  a  manner  as  to  convince  me  that  he  sincerely  de- 
sired me  to  do  as  he  had  Requested,  and  I  therefore  cheerfully  ap- 
qniesced  in  the  proposed  arrangement.  My  previous  plan  was  to 
have  returned  to  Matanzas  after  visiting  the  Saratoga  and  other 
estates,  and  to  have  sought  out  some  convenient  and  accessible 
ofiice  in  which  to  make  analyses  of  cane  juiee  and  other  substances 
procured  from  the  nearest  estates.  By  this  new  arrangement  I 
was  not  only  relieved  from  further  trouble  and  uncertainty,  but 
enabled  to  avail  myself  of  ^facilities  which  could  have  been  com- 
manded in  no  other  way.  At  any  moment  I  could  obtain  the  cane 
juice  perfectly  fresh,  and  at  all  stages  of  the  process  of  manufac- 
ture, as  well  as  the  canes  themselves,  and  every  other  interesting 
produpt.  Here,  also,  under  the  instruction  of  my  experienced  and 
intelligent  host,  1/ could  study  quietly  atid  carefully  all  the  details 
incident  to  the  manufacture  of  clayed  sugar,  and  under  his  gui- 
dance visit  and  compare  the  operations  on  all  the  neighboring 
estates.  The  arrieroy  with  a  number  of  pack  mules,  was  therefore 
despatched  to  Matanzas  for  the  apparatus  I  had  left  there  in  the 
charge  of  the  American  consul;  and  upon  its  arrival,  I  found  my- 
self in  the  possession  of  every  facility,  and  of  a  laboratory  as  well 
furnished  and  convenient  for  analytical  researches  as  any  chemist 
could  desire. 

Upon  the  Saratoga  estate  I  consequently  performed  my  analyseS| 
and  remained  until,  my  proposed  work  being  finished,  I  was  ready 
to  return  to  the  United  States.    The  time  had  passed  rapidly  while 
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I  wfl«  tboB  evg^^ed,  ffnd  it  wa9  notuBiil  Ike  noiitfc  of  April  tbst  I 
found  myself  again  in  Havana  and  on  mj  v^&y  t«  New  Ok'kaira. 

In  Lonimna  I  remained  bat  ia  few  days,  ocenpying  myself 
0ii€fly  with  inquiries  concerning  RilUenx's  mf^raved  method,  and 
wm  eicamination  of  bis  apparatus,  upon  the  plantation  of  Messrs: 
Paokwood  and  Benjamin,  to  whose  politeness  t  am  indebted  for 
amch  valuable  information. 

Since  my  return  to  the  north,  many  substances  faeve  been  ana* 
Iifared  which  1  brought  with  me  from  Cuba;  fdr  I  there  examined 
duly  su^h  things  as  were  likely  to  change  by  fermentfrtion,  reserr^ 
ing  all  that  co«Id  be  brought  away  without  injury  for  future  and 
more  convenient  investigation. 

The  results  of  these  inquiries  will  be  found  in  chapters  1^  2,  and 
4'.  That  they  hare  constituted  a  work  of  much  labor  will  be  ap* 
parent.  It  has  been  executed  and  reported  with  as  little  delays  ars 
jynssible;  but  with-what  success  or  practical  value,  I  must  leave  to 
yourself  and  others  to  judge. 

In  all  my  investigations  I  have  constantly  endeavored  to  kfep  in 
"^lew  the  fact  that  they  Were  designed  not  to  extend  general  or 
speculative  chemistry,  so  much  as  to  arrive  at  practical  and  eco- 
srmnical  results.  In  theoretical  chemistry  exact  combinations  and 
veactrons  are  the  legitimate  subjects  of  pursuit  and  inquiry;  but  in 
cAnemistry  applied  to  th^  arts,  cousid^rations  of  mechanicarcon- 
Slttu<stidn,  time,  labor,  or  expense,  often  render  impracticable 
tbat  which  would  otherwise  be  most  easy  and  simple,  and  becootie,^ 
Idierefore,  subjects  of  the  first  importance. 

I  have  not  seen  fit  to  include  the  culture  of  the  cane  among  the 
maiters  discussed  in*  this  feport.  It  has^heretofore  been  far  better 
understood  by  the  planter  than  the  manufacture  of  sugar  from  the 
juice;  yet  the  analyses  I  have  made  of  the  ashes  of  the  cane,  and 
of  some  other  substances,  relarte*  mol*e  {[Particularly  to  this  sDbject^ 
and  I  may  hereafter  state  the  conclusions  they  t'en()  to  establish, 
Init  which  at  present  I  consider  too  speculative  for  practical  and 
iiidustrial  purposes. 

Bespectfully  submitted  by  your  obedient  servant, 

RICHARD  S.  McCULLOH. 

To  Professor  A.  D.  Baghr. 
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REPORT 

To  Professor  A.  D.  Bache  of  investigations  made  under  Ms  super' 
intendence  hy  Professor  R.  S.  McCullohj  in  relation  to  sugar  and 
its  manufacture. 

CHAPTER  I. 

ANALYSES     AND     EXPERIMENTS    ON    THE    SUGAR    CANE,     MADE    ON    THE 
INGENIO  SARATOGA,  IN  CUBA. 

To  any  one  who  possesses  a  general  knowledge  of  chemistryy 
the  investigations  reported  in  the  various  articles  of  this  chapter 
will,  I  hope,  be  found  readily  intelligible,  and  the  reasons  which 
dictated  each  particular  experiment  will  also  be  manifest,  either 
from  its  bearing  upon  some  practical  point,  or  upon  the  chemical 
theory  of  the  extraction  of  sugar  from  cane  juice. 

To  such  information  as  may  be  found  in  almost  any  elementary 
treatise  on  chemistry,  it  is,  however,  necessary  to.add  the  follow- 
ing: 

1.  Cerosie  is  a  substance  closely  resembling  beeswax,  both  in  its 
appearance  and  its  properties.  It  was  discovered  or  first  investi- 
gated by  M.  Avequin,  of  New  Orleans,  who  gave  it  the  above 
name.  A  more  full  account  of  it,  taken  from  M.  Avequin's  de- 
scription, is  given  in  the  treatises  on  chemistry  both  of  Liebig  and 
Damas,*  to  which  I  therefore  refer.  The  planter  may,  however, 
for  all  his  purposes,  regard  it  as  wax. 

2.  Pectine^  pectous  and  pectic  acidymetapectine^  metapectous  and 
metapectic  acid,  are  terms  used  very  loosely,  it  is  to  be  feared,  by 
chemists.  They  appear  to  be  applied  in  common  to  very  distinct 
substances,  and  the  analyses  even  of  one  kind  of  pectine  or  pectic 
acid  made  by  equally  skilful  chemists  do  not  agree.  In  the  fol- 
lowing analyses  I  use  the  term  pectine  to  denote  a  mucilaginous 
substance  contained  in  the  cane,  soluble  in  hot  water,  but  insoluble 
both  in  alcohol  and  cold  water.  And  by  pectic  acid  I  designate 
the  analogous  substance,  which  is  precipitated  by  sub-acetate  of 
lead  and  other  re-agents  in  the  form  of  a  viscid  or  mucilaginous 
compound  or  salt.  It  is  very  desirable  that  this  whole  subject  of 
pec^tine  should  undergo  revision  by  some  chemist  of  ability  and 
skill.  It  was  my  intention  to  have  devoted  particular  attention  to 
the  mucilage  stated  to  be  contained  in  Louisiana  cane  juice,  often 
in  quantities  so  large  as  to  give  great  trouble  to  the  sugar  boilers; 


^JDumas  Traits  de  Chim.j  yoI.  6.  p.  699:  Paris.  1843.    AUo  Liebig's  Cbimie  Organique. 
^1.  2y  p.  304;  Paris,  1844.  ' 
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and  I  regretted  the  circumstances  which  impeded  my  journey 
thither  more  on  that  account  than  any  other;  but  I  now  attach  less 
importance  to  the  subject,  for  it  has  been  shown  by  Messrs.  fien- 
jamin  and  Packwood  and  by  others  that  the  use  of  boneblack  and 
of  evaporation  in  vacuo  give  perfect  results.  Some  planters  had) 
I  am  told,  entertained  the  opinion  before  that  boneblack  could 
not  be  used  for  purifying  the  cane  juice  of  Louisiana;  an  opinion, 
doubtless,  based  upon  unskilful  experiments. 

3.  The  distinction  between  cane  or  crystallizable  sugar  and  un- 
crystallizable  sugar  is  one  obvious  enough  for  practical  purposes, 
and  which  I  have  discussed  somewhat  fully  in  a  former  report,  to 
which  I  thp.refore  refer,  (See  Senate  document  No.  165,  2d  session, 
28th  Congress.)  For  examining  a  solution  of  these  different 
sugars,  the  copper  test  of  Trommer  (described  also  in  the  above 
mentioned  report)  is  employed,  and  it  possesses  extreme  delicacy, 
giving  a  rich  blu^  color,  with  pure  solutions  of  crystallizable  sugar, 
and  a  dense  red  precipitate,  if  the  smallest  quantity  of  uncrystal- 
lizable  sugar  be  present. 

4.  The  optical  phenomena  presented  when  a  ray  of  polarized 
light  passes  through  a  saccharine  solution  furnish  the  readiest,  most 
searching,  and  n?ost  exact  method  of  determining  not  only  the  na- 
ture but  the  quantity  of  crystallizable  sugar  in  any  saccharine  sub- 
stance.* M.  Barreswill  has  brought  forward  a  method  of  analysis 
founded  upon  the  above  reaction  of  sugars  with  the  copper  test, 
which  cannot,  in  my  opinion,  be  compared,  either  for  accuracy  or 
convenience,  to  the  optical  method;  and  it  is  preferred  only  by 
those  who  have  not  familiarized  themselves  with  the  advantages 
and  manipulations  of  the  latter. 

Although  I  have  already  given  in  detail  all  the  formulae  for  cal- 
culation, and  explained  fully  the  principles  upon  which  the  method 
of  analyzing  sugars  by  circularly  polarized  light  is  founded,  to 
which  I  may  therefore  refer  for  full  information,  (Senate  document 
No.  165,  28th  Congress,)  as  well  as  to  the  researches  of  M.  Biot,. 
in  the  Mdmoirts  de  VAcad€mit  and  the  Comptes  Rendus  des  Stances 
de  VAcad^miey  yet,  as  in  calculating  the  results,  and  in  performing 
the  analyses  now  reported,  many  simplifications  are  introduced  by 
the  artifice  of  rendering  constant  such  quantities  as  did  not  require 
to  be  variable  by  reason  of  their  constituting  specific  differences  of 
the  substances  examined,  I  deem  it  proper  to  present  the  simplified 
formulae,  even  at  the  expense  of  causing  the  rest  of  these  introduc- 
tory remarks  to  be  repulsive  to  some  by  reason  of  an  algebraical 
dress. 

The  law  of  circular  polarization  by  liquids  discovered  by  M. 
Biot — that  the  angle  of  deviation  for  any  homogeneous  ray  is  pro- 
portional  to  the  length  of  the  tube^  the  density  of  the  liquid^  and 
the  proportion  of  aciive  matter — gives  the  following  formula: 

a=l  d  e  X  {a)  (1.) 

*  See  Appendix,  note  A. 
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In  which  a  denotes  the  total  angle  of  deviation;  (a)  the  molecu- 
lar rotary  power,  or  unit  of  angular  deviation;  /  the  length  of  the 
tube;  d  the  observed  density  or  specific  gravity;  e  the  proportion 
or  per  cent,  of  the  substance  dissolved  and  to  be  analyzed;  and 
X  the  unknown  per  cent,  or  proportion  of  active  matter  in  that 
substance. 
•  If  the  substance  to  be  analyzed  consists  of  a  mixture  of  cane 
sugar  and  other  active  substances,  then  will  tbe  angle  of  deviation 
observed  in  a  solution  of  definite  proportions  be  expressed  by 

a  =  S  +  D;  (2.) 

S  denoting  the  effect  produced  by  the  cane  sugar,  and  D  that  by 
other  substances;  and  if  this  solution  be  diluted  to  the  strength 
denoted  by  n,  we  shall  have 

n  a  =  71  S  +  n  D;  or,  a'  =  S'  +  D'  (3.) 

Putting 

a'  =ss  n  a^  etc. 

Lastly,  if  the  substance  employed  for  diluting  be  an  aqueous^ 
solution  of  hydrochloric  acid,  it  will  exert  a  peculiar  chemical 
and  optical  change  on  the  crystaljizable  sugar  only,  by  converting 
it  into  a  substance  for  which  the  angle  of  deviation  changes  its 
sign,  or  which  is  left  polarizing ;  and  if  this  diluted  and  inverted 
liquid  be  observed,  we  have 

a"  =  D'  —  r'  S'  =»  —  r"  a'  (4.) 

In  which  equation  r'  denotes  the  ratio  of  the  inverted  to  the 
direct  angle  of  deviation  for  pure  crystallizable  sugar;  and  r"  the 
corresponding  ratio  of  inversion  for  the  substance  to  be  analyzed,. 

From  equations  (3)  and  (4)  we  get 

1  +  r" 

S'  = o'  (5.) 

1  +  r' 

From  equation  (1)  we  have 

S  S' 

(«)  =  ^ 

I  d  e  X        n  I  d  e  X  (6.) 

In  these  equations,  r'  and  (a)  are  constants  depending  upon  the 
chemical  nature  of  cane  sugar;  the  value  of  r'  has  been  carefully 
deterlnined  by  M.  Biot  to  be  0  38;  and  (a)  may  be  eliminated  as 
follows: 

For  a  25  per  cent,  solution  of  the  sugar  used  as  the  standard  of 
these  researches,  observation  gave 

S'  42^.5 

(a)  = « ; 

n  I  d  e  X        I  d  e 
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X  and  n  being  each  unity,  i  was  found  to  be  1.1056;  and  e  being 

0.25,  we  have 

'  42,5 

I  ig\  _ —  153.76 

(0.25)  (1.1056) 
Hence,  by  substituting  in  equation  (6,)  we  have 

S' 

X  = • 

153.76  7».6d  (7.) 

And  using  for  n  and  e  in  the  analyses  the  constant  values  0.9  and 
0.25,  we  have,  by  substitution  and  reduction. 


34.596  i  (8.) 

Which,  with  formula  (5,)  was  that  usually  employed  in  the  cal- 
culations.    The  corresponding  logarithmic  equations  are 

log.  S'  =  log.  a'  +  log.  (1  -f  r'O  —  log.  (1  +  r');  \    .^  . 
And  log.  X  =  log.  S'-  log.  i  —  log.  (34.596);  \   ^^'^ 

in  which  a',  r'',  and  (2,  simple   functions  of  the   observed  data,  are 
the  only  variables. 

That  these  expressions  may  be  simply  and  easily  calculated  nu- 
merically will  be  evident  from  the  examples  worked  out  in  this 
chapter,  and  which  may  also  serve  to  illustrate  the  calculations 
required  for  each  analysis  of  chapter  4;  the  observed  data  of 
which  are  there  all  given,  and  the  results  also  arranged  in  tabular 
form. 

Experiments  on  the  behaviour  of  Otaheite  cane  juice  with  chemical 

re-agents. 

5.  This  cane  juice  was  perfectly  fresh,  of  a  greenish  brown  color, 
somewhat  turbid,  and  of  the  specific  gravity  1.07  at  77°  Fahrenheit, 
the  temperature  of  the  room;  or  9^  Beaum6,  pese-sirop^  as  indicated 
by  the  instrument  I  employed.  It  had  the  peculiar  stiptic  taste  of 
the  rind  and  leaves  of  the  plant. 

Treated  with  a  solution  of  caustic  baiyta  it  became  more  deci- 
dedly green,  and,  after  standing  a  few  moments,  gave  a  flocculent 
precipitate;  the  supernatant  liquid  being  perfectly  transparent,  and 
of  a  yellowish  green  color. 

Both  powdered  lime  and  lime  water  gave  bulky  precipitates  and 
clarified  the  juice. 

A  solution  of  caustic  potash  changed  the  color  of  the  juice  to 
yellowish  green,  or  greenish  yellow;  but  instead  of  separating. 
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seemed  rather  to  dissolTe  more  completely  the  feculencies.  Heat 
produced  no  eflFect  on  this  mixture,  except  to  deepen  the  color,  but 
after  standing  three  or  four  hours  the  feculencies  were  imperfectly- 
precipitated. 

Carbonate  of  potash  changed  the  oolor  to  reddish  green;  and 
when  heated,  the  mixture  did  not  clarify;  nor  did  the  feculencies 
appear  to  separate,  except  by  evaporation  from  the  protracted  ap- 
plication of  heat,  and  not  by  any  chemical  action. 

Carbonate  of  ammonia  changed  the  color  of  the  juice  to  a  dark 
greenish  brown,  and  did  not  clarify  it  at  all,  even  after  a  repose  of 
several  hours. 

With  a  solution  of  bichloride  of  mercury,  (corrosive  sublimate,) 
a  white  flocculent  precipitate  subsided,  and  a  dirty  scum  rose  to 
the  top,  the  intervening  liquid  being  perfectly  transparent  and  co- 
lorless. 

Sulphate  of  zinc  gave  no  precipitate  when  cold;  but  with  the  aid 
of  heat,  a  scum  rose,  which,  by  continued  application  of  heat,  sep- 
arated from  air  bubbles  and  subsided  as  a  slight  precipitate. 

A  solution  of  tannin  gave  a  small  precipitate;  and  after  filtra- 
tion, the  juice  was  nearly  clear  and  colorless. 

With  an  alcoholic  solution  of  iodine,  this  cane  juice  gave  no  re- 
action, and  not  the  slightest  change  of  color.  Hence  I  conclude 
that  free  starch  cannot  exist  in  it. 

Filtered  through  coarse  boneblack,  the  color  was  entirely  re- 
moved, but  the  liquid  remained  opalescent,  in  which,  with  the  cop- 
per test  of  Trommer,  not  even  a  trace  of  uncrystallizable  sugar 
was  found  to  be  present. 

Heat  alone  caused  a  scum  to  rise  to  the  top,  which  adhered  to 
the  vessel.  This  scum  was  insoluble  both  in  water  and  alcohol. 
The  filtered  liquid  was  perfectly  transparent,  but  of  a  green  color. 
With  baryta,  it  gave  a  flocculent  precipitate. 

Heated  with  fine  boneblack  and  filtered,  it  lost  its  color  entirely, 
but  was  not  clear;  and  when  treated  with  a  solution  of  caustic  ba- 
ryta, this  filtered  juice  grew  turbid;  nor  did  it  clear  when  heated, 
which  only  caused  it  to  become  dark  colored.  The  reaction  with 
lime  water  was  similar  to  that  with  baryta. 

With  a  solution  of  the  sub-acetate  of  lead,  this  cane  juice  gave  a 
flocculent  light  olive  colored  precipitate,  and  the  supernatant  li- 
quor was  clear  and  colorless,  the  cane  juice  itself  from  which  it 
was  formed  being  even  of  a  much  darker  color  than  the  precipi- 
tate. 

Sub-acetate  of  lead  being  employed  in  excess,  the  supernatant 
clarified  juice  was  decanted  and  filtered  through  coarse  boneblack, 
which  rendered  it  perfectly  limpid  and  colorless.  In  this  filtered 
juice  neither  iodide  of  potassium,  sulphuric  acid,  nor  hydrosulphate 
of  ammonia,  gave  the  slightest  indication  of  the  presence  of  lead; 
which  seems,  thereiore,  to  be  separated  by  boneblack.  Nor  could 
the  slightest  trace  of  uncrystallizable  sugar  be  detected  in  it  by 
the  copper  test  of  Trommer. 

The  precipitate  formed  as  above,  by  sub-acetate  of  lead,  could 
not   be  separated   by  filtration.     It  was  so  viscid   as   to   clog  the 
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^ores  of  the  paper;  and  after  standing  twelve  hours,^ the  superna- 
tant liquid  still  continued  to  occupy  the  filter.  When  this  liquid 
was  poured  off,  the  precipitate  which  coated  the  filter  was  of  a 
mucilaginous  consistence.     Dried  on  wire  gauze  over  a  lamp^  and 

allowed  afterwards  to  stand,  it  grew  moist,  and  is,  therefore,  deli- 
quescent. 

This  precipitate  with  sub-acetate  of  lead  was  insoluble  in  water 
or  alcohol,  both  cold  and  boiling;  sparingly  soluble  in  sulphuric 
>ether,  which  becomes  colored  and  leaves  a  resinous  film  when 
evaporated.  Concentrated  hydrochloric  acid,  with  the  aid  of  heat, 
dissolves  it  partially.  So  likewise  does  a  solution  of  caustic  pot- 
ash, which  becomes  dark  colored.  Hydrochloric  acid  renders  the 
potash  solution  colorless  and  opalescent,  but  gives  no  precipitate; 
nor  does  the  bichloride  of  mercury  give  a  precipitate  with  either 
the  potash  or  the  acid  solution. 

Comparative  experiments  on  the  yield  in  juice  of  the  three  varieties 

of  cane, 

6.  I  weighed  out  accurately  21.111  ounces  of  Ribbon  cane, 
which  was  then  rolled  in  a  hand  mill,  consisting  of  a  pair  of  small 
rolls  similar  to  those  used  for  rolling  metals,  or  to  the  large  rolls 
of  the  ordinary  sugar  mill.  For  the  use  of  this  apparatus  I  was 
indebted  to  Mr.  Duggan,  of  the  Saratoga  estate,  who  had  caused  it 
to  be  constructed  for  similar  experimental  purposes.  The  above- 
mentioned  quantity  of  cane  thus  yielded  12.542  ounces  of  juice,  of 
the  specific  gravity  1.085,  corresponding  to  10^  Beaum6  of  the 
brass  instrument  I  employed,  but  to  11^  Beaum6  as  indicated  by 
the  glass  pese-sirop  belonging  to  Mr.  Duggan.  The  wet  begassa 
obtained  at  the  same  time  weighed  8.007  ounces. 

The  sum  of  the  weights  of  the  juice  and  the  begassa  being  only 
20.549  ounces,  it  follows  that  0.562  is  the  weight  of  juice  lost  and 
retained  upon  the  surface  of  the  mill.  This  loss  I  considered  so 
great  that  I  was  induced  to  repeat  the  experiment  with,  if  possi- 
ble, greater  care,  and  with  the  following  results:  19.483  of  ribbon 
cane  yielded  11.024  ounces  of  juice,  and  7.886  ounces  of  moist  be- 
gassa, the  quantity  of  juice  retained  by  the  mill  or  lost  being 
0.573  ounce.     Hence  we  have  the  comparative  results: 

Fir^t  experimeot.     Second  experiment. 

Moist  begassa 37.92  40.51 

Juice  obtained 59.40  56.58 

Juice  lost 2.68  2.91 

Ribbon  cane 100.00  100.00 

7.  After  drying  for  forty-eight  hours  by  exposure  to  air  and 
sun,  the  8.007  ounces  of  moist  begassa  of  the  first  experiment 
Weighed  only  3.422  ounces,  and  had  therefore  lost  4.585  ounces  of 
water  by  evaporation.  So  likewise  the  7.886  ounces  of  begassa  of 
the  second  experiment,  similarly  dried,  weighed  3.510  ounces,  and 
had  therefore  lost  by  evaporation  4.376  ounces  of  water.     If  this 
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water  be  supposed  to  be  united  with  one  fourth  of  its  own  weight 
of  sugar — a  supposition  which  probably  differs  little  from  the  truth 
— then  5.731  would  be  the  amount  of  juice  retained  by  the  8.007 
ounces  of  moist  begassa  in  the  first  experiment,  and  5.470  ounces 
would  be  the  corresponding  amount  of  juice  retained  by  the  moist 
begassa  of  the  second  experiment.  Hence  it  would  follow  that  the 
ribbon  cane  experimented  upon  consists  of: 

By  1st  experiment.    By  2d  experiment 

Woody  fibre 11.00  12  40 

Saccharine  juice 89.00  87.60 

100.00  100.00 

Of  the  88  per  cent,  of  juice  thus  shown  to  exist  in  this  ribbon 
cane,  62  per  cent,  only  were  expressed,  and  the  begassa  of  cane 
ground  in  large  mills  probably  retains  a  similar  proportion. 

8.  From  15.072  ounces  of  Creole  or  crystallina  cane,  rolled  in 
the  same  manner  as  the  above  9.399  ounces  of  juice  of  the  specific 
gravity  1.079,  or  9^.5  Beaum6,  were  obtained,  and  also  5.365  of 
moist  begassa;  0.308  ounce  of  juice  being  left  on  the  surface  of 
the  rolls.  By  drying  for  forty-eight  hours  in  the  air  and  sun^  the 
5.365  ounces  of  moist  begassa  lost  2.666  ounces  of  water;  and  sup- 
posing this  water  to  have  existed  in  that  begassa  as  saccharine 
juice,  containing  about  one-fifth  of  sugar,  we  have  as  the  yield  by 
rolling,  and  the  composition  of  this  cane,  the  two  following  respec- 
tive results: 

Juice  expressed 64.40    Juice  contained. «...•.•     86.50 

Moist  begassa 35.60     Dry  woody  fibre 13.50, 

100.00  100.00 


Hence  we  find  that  only  about  three^fourths  of  the  juice  contained 
in  this  cane  was  expressed  by  the  process  employed. 

9.  By  similar  treatment  10.3855  ounces  of  Otaheite  cane  yielded 
6.502  ounces  of  juice  of  lighter  color,  apparently  cleaner  than  that 
obtained  from  either  of  the  other  varieties  of  cane,  and  of  the 
specific  gravity  1.0875,  or  10^.5  Beaum6;  also,  3.652  ounces  of 
moist  begassa.  It  had,  ^therefore,  left  on  the  surface  of  the  rolls 
of  the  mill  0.2315  ounce  of  juice.  After  drying  the  begassa  for 
tivo  days  in  the  sun,  it  weighed  1.9202  ounce,  and  had,  therefore, 
-suflFered  a  loss  of  1.7318  ounce  of  evaporated  water.  Hence  I  de- 
duce, as  above,  the  results: 

J'uice  expressed 64 .  83     Juice  contained 85 .  67 

JMCoist  begassa 35.17     Woody  fibire 14.33 

100.00  100.00 
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The  begassa,  therefore,  retained  20.84  per  cent,  of  the  85.67  per 
cent,  of  juice  which  this  cane  contained. 

The  crystallina  cane  employed  in  the  preceding  experiments  was 
plant  caney  while  the  ribbon  and  Otaheite  were  rattoons:  hence  the 

freat  diflference  of  density  in  the  juice  obtained  from  the  former*^ 
.  perfectly  fair  comparison  of  the  three  varieties  could  only  be 
made  by  using  either  plant  canes  or  rattoons  for  each;  but  these 
experiments  serve  to  show,  also,  that  juice  from  plant  canes  is  of 
inferior  richness  to  that  from  rattoons.  In  other  respects  the  canes 
were  similar,  and  the  comparison  e^act,  for  they  had  all  grown  in 
the  same  field,  and  were  of  the  same  age. 

10.  To  ascertain  whether  the  feculencies  which  are  contained  in 
cane  juice,  and  which  it  is  requisite  to  separate  in  the  process  of 
manufacture,  do  not  come  principally  from  the  rind  of  the  cane,  I 
peeled  off  this  rind  from  several  pieces  of  Otaheite  cane,  and  ground 
the  inside  pith  by  itself;  the  juice  from  which  was  not  only  of  much 
lighter  color  than  that  from  the  same  cane  ground  with  its  rind  on^ 
but  also  gave  a  far  smaller  precipitate  with  sub-acetate  of  lead  and 
other  re- agents. 

Analysis  of  Otaheite  cane  juice. 

11.  Five  ounces  of  fresh  cane  juice,  just  from  the  mill,  of  the 
specific  gravity  9^  Beaum6,  were  weighed  exactly,  and  to  this  on(B 
ounce  of  a  solution  of  sub-acetate  of  lead  was  added,  which  caused 
an  abundant  precipitate  to  take  place.  After  standing  one  hour  to 
settle,  the  clear  supernatant  liquid  was  decanted  carefully,  and  al- 
cohol  poured  upon  the  precipitate,  that  it  might  be  filtered.  The 
filtration  was  performed  readily,  and  the  filtered  alcoholic  liquid 
was  of  a  beautiful  transparent  yellowish  green  color,  indicating  that 
the  alcohol  had  dissolved  some  coloring  matter.  With  iodide  of 
potasssium  fbis  filtered  liquid  gave  an  abundant  precipitate  of  iodide 
of  lead,  showing  that  the  sub-acetate  of  lead  had  been  used  in  ex- 
cess. The  washed  precipitate,  dried  over  a  lamp  on  wire  gauze^ 
was  found  to  weigh  0.049  ounce;  and,  when  incinerated  in  a  porce- 
lain crucible,  it  yielded  0.0206  ounce  of  protoxide  of  lead,  ilence 
five  ounces  of  this  cane  juice  give  with  sub-acetate  of  lead  a  preci- 
pitate containing  0.0284  ounce  of  extrjactive  matter;  which  amounts 
to  0.568  ounce  in  100,  or  rather  more  than  half  of  one  per  cent. 

12.  Of  the  same  kind  of  cane  juice,  specific, gravity  1.0843,  one 
hundred  volumes  were  mixed  with  three  volumes  of  a  solution  of  sub- 
acetate  of  lead,  and  the  mixture  was  then  filtered.  After  filtration 
the  liquid  remained  opalescent  and  of  an  olive  tint,  and  sub-acetate  of 
lead  gave  with  it  a  slight  mucilaginous  precipitate,  which  floated  in- 
stead of  subsiding,  showing"  the  saturation  incomplete.  Neither 
iodide  of  potassium  nor  sulphuric  acid  could  detect  in  it  a  trace  of  lead. 
Filter^ed  through  fine  boneblack,  with  which  it  had  previously  been 
gently  heated,  it  became   colorless  and  sufficiently  transparcat  for 


185 


[50} 


optical  examination,  to  vbich  it  was  then  subjected  witb.tbe  foIIow' 
ing  results: 


d 

a   =       29° 


1.075;     <  =27.6  0 
e  =    0.97 


Hence, 


«"  =  —  9°.5;     n=    0.9 

log.  a    1.46240  log.  (1  +  r")          0.13481 

log.  n   1.95424  log.  a'                     1.41664 

log.  a'  1.41664  log.  (1  +  r')  a.  c.  1.86012 

log.  o"  0.97772  log.  S                      1.41167 

log.  r"  1.56108 


Hence, 


X  = 


I32.79d 

log.  (132.79)    2.12316 
log.  d  0.03141 


log.  S 


2.16467 
1.41157 


log.  X  1.26700 

Therefore  x  a=  0.1807.  And  hence  this  cane  juice  contains  18.07 
per  cent,  of  crystallizable  suear. 

We  may  therefore  regard  the  juice  examined  as  composed  of: 

Water 81.36 

Crystallizable  sugar 18.07 

Extractive  matter 0.57 

100.00 

The  preceding  calculations,  in  vhich  the  log.  a'  exceeds  slightly 
log  S,  would  indicate  a  trace  of  some  other  right  polarizing  sub- 
stance besides  cane  sugar;  but*,  as  these  numbers  differ  only  in  the 
third  place  of  decimals,  the  variation  is  within  the  limits  of  errors 
of  observation.  With  Trommer's  copper  test  I  obtained  only  the 
blue  color  for  cane  sugar,  and  no  reduced  oxide  of  copper,  ^ence 
I  conclude  that  ripe  cane  juice,  when  fresh,  contains  only  crystal- 
lizable sugar.         ; 
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13.  To  confirm  the  above  results  of  optical  analysis^  I  placed  in 
a  porcelain  crucible,  weighing  0.572  oz.,  a  portion  of  the  same 
cane  juice,  which  weighed,  together  with  the  crucible,  1.56725  oz. 
Hence  0.99525  was  the  weight  of  the  juice.  This  juice  was  then 
gently  evaporated  over  a  spirit-lamp  to  a  thick  sirup.  After  which. 
It  was  placed  in  the  oven  used  for  drying  tHe  clayed  su^ar,  and 
allowed  to  remain  there  twenty-four  hours,  when  it  was  taken  out 
and  found  to  be  quite  solid  and  dry.  To  expel  any  remaining 
moisture,  I  again  heated  it  gently  over  a  spirit-lamp,  and  then 
weighed  it;  the  weight  of  the  crucible  and  its  contents  was  0.75816 
oz.  And  therefore  0.99525  oz.  of  juice  yielded  0.18616  of  dry 
solid  matter.  Hence  we  have  as  the  composition  of  this  cane 
juice: 

Water 81.3 

Solid  matter 18.7 


100.0 


A  result  which  agrees  perfectly  with  that  obtained  optically,  and 
which  this  experiment  was  designed  to  test,  by  a  ruder  but  less 
abstract  method;  but  which  result  differs  somewhat  from  that  ob- 
tained by  MM.  P^ligot  and  Casaseca,  who  give  79  per  cent,  of 
water  and  21  per  cent,  of  sugar  as  the  composition  of  Otaheite 
and  Creole  cane  juice.* 

It  should  here  be  stated  that,  at  the  time  when  t^e  analysis  I 
have  just  giiren  was  performed,  the  yield  of  the  cane,  in  this  part 
of  the  island,  was  unusually  deficient;  on  the  Ingenio  Victoria, 
for  instance,  15  cart  loads  of  cane  were  required  to  produce  a 
hogshead  of  muscovado  sugar;  whereas  10  cart  loads  only  would 
ordinarily  have  been  necessary.  This  cii^cumstanee  was  ascribed 
by  Mr.  Alacomb  to  the  influence  of  rains,  which  had  recently  fallen. 
An  explanation  which,  in  my  opinion,  is  both  entitled  to  conside- 
ration, and  highly  probable;  not  only  because  it  was  offered  by  a 
gentleman  of  great  intelligence  and  practical  experience,  who  must 
have  been  accustomed  to  observe  the  consequences  of  such  events 
attentively;'  but  also,  because  the  same  cause  is  known  to  produce 
like  effects  upon  beet  juice.  The  density  of  which  often  varies  te 
the  extent  of  one  or  two  degrees  in  the  course  of  a  few  days;  so 
that  beets  fromthe  same  field,  which  yielded,  for  instance,  juice  of 
9^  Beaum^  during  dry  weather,  will,  after  a  rain,  furnish  juice  of 
7°  only. 

For  the  reasons  just  mentioned,  it  is  probable  that  21  per  cent., 
as  obtained  by  MM.  P^ligot  and  Casaseca,  may  be  the  usual  or 
average  proportion  of  sugar  in  rip&  cane  juice,  rather  than  18  per 
cent.,  as  given  above  by  my  analysis  of  a  particular  and  perhaps 
unfavorable  specimen. 

14.  The  dried  solid  matter  of  the  preiceding  article  was  placed 
in  a  glass  tube,  which  was  then  drawn  out  with  the  lamp  and  nearly 

•JLan.  de  Chim.  et  de  Phys.!  t.  xi,  p.  39.  AIbo,  see  notes  B,  C,  aiid  Pj  of  the  Appendbiu 
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closed.  The  contents  was  subjected  to  dry  distillation  to  detect 
nitrogenous  substances.  Tlie  strong  odor  of  caramel  rendered  the 
sense  of  smell  insensible  to  feeble  traces  of  other  matters,  but  hy- 
drochloric acid  vapor  gave  not  the  slightest  indication  of  ammonia. 

Analysis  of  the  juice  contained  in  different  parts  of  the  same  cane. 

The  canes  used  in  these  experiments  were  of  two  varieties: 
Otaheite  of  about  nine  months  growth,  and.  crystallina  of  seven 
months. 

15.  Of  the  Otaheite  cane,  the  three  or  four  top  joints,  enveloped 
entirely  in  leaves,  bad  a  sour  astringent  taste,  and  promptly  stained 
the  knife  black  with -which  they  were  cut.  Expressed  between 
iron  rollers,  the  juice  obtained  was  blackened  by  the  metal,  and  in 
quantity  was  insufficient  for  taking  its  specific  gravity.  The  cop- 
per test  of  Trommer  yielded  a  copious  pecipitate  of  protoxide  of 
copper;  and  the  tincture  of  iodine  gave  no  indication  of  starch. 

16.  Three  or  four  joints  taken  from  the  same  cane  as  the  above, 
and  immediately^  below  them,  gave  a  juice  of  the  density  of  7° 
Beaum^,  and  of  a  slightly  sweet  astringent  and  acid  taste.  With 
this  juice,  sub-acetate  ef  le^d  gave  a  dense  dark  olive  pecipitate, 
in  bulk  equal  to  four-fifths  of  the  entire  volume  of  the  mixture. 
So  also  with  the  juice  obtained  from  the  top  joints,  sub-acetate  of 
lead  gave  a  precipitate  similar  both  in  color  and  quantity.  With 
the  copper  test  a  precipitate  took  place  of  reduced  oxide  of  copper, 
and  tincture  of  iodine  gave  no  reaction.  , 

A  quantity  of  this  juice,  being  clarified  with  sub-acetate  of  lead, 
and  the  excess  of  lead  thrown  down  with  bi-carbonate  of  soda,  was 
subjected  to  optical  analysis  and  with  the  following  data: 

d  =        1.051;  t  =  2r.6  C 
a  =:       10°     ;  c=    0.545 
a''=  — 3^5    ;  n=    0.9 

Hencej  by  calculation,  t  =  0.1041;  and  therefore  this  juice  con- 
tains 10.4  per  cent,  nearly  of  cane  sugar. 

The  equation  a  =  S  +'  D  gives  with  the  above  data  a  negative 
value  for  D,  indicating  the  presence  of  a  substance  possessing  the 

Croperty  of  left  polarization,  and  which,  therefore,  is  most  proba- 
ly  uncrystallizable  sugar. 

17.  Three  or  four  joints  taken  from  the  bottom  of  the  same  cane 
as  the  above  yielded  a  juice  of  the  specific  gravity  of  10^.5 
Beaum6,  and  perfectly  sweet  in  taste.  With  this  juice  the  copper 
test  gave  not  a  trace  of  reduced  oxide  of  copper,  but  the  transpa- 
rent characteristic  blue  color  obtained  from,  crystallizable  sugar. 
And  sub-acetate  of  lead  gave  a  light  olive  colored  precipitate  in 
quantity  much>less  than  the  similar  precipitates  of  the  above  expe- 
riments, being  only  in  bulk  about  one-half  of  the  volume  of  the 
mixture;  nor  was  it  as  dense  as  those  precipitates. 
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Subjected  to  optical  analysis  in  precisely  the  same  manner  as  the 
juice  of  the  upper  joints,  I  obtained  from  it  the  data: 

d  =p       1.070;  t  =»  21^3  C 
a  =       20°     ;  c  =  0.645 
a"=  — 5^75;  «  =  0.6 

Hence,  by  calculation,  x  =  0.1942;  and  therefore  this  juice  con- 
tains 19.4  per  cent,  nearly  of  crystallizable  sugar.  From  these 
data  we  obtain  for  D  a  positive,  but  extremely  small  value;  so  that 
we  may  infer  that,  as  the  copper  test  indicates,  this  juice  contains 
only  crystallizable  sugar. 

18.  Three  or  four  top  joints,  from  a  crystallina  rattopn  cane  of 
seven  months  growth,  yielded  a  juice  of  4^°.  Beaum^,  acid  and  as-^ 
tringent  in  taste. 

This  juice  gave  with  sub-acetate  of  lead  a  light  olive  green  pre- 
cipitate, which  occupied  about  four^fifths  of  the  lentire  volume  of 
the  mixture.  With  the  copper  test  a  precipitate  of  protoxide  of 
copper  was  obtained,  but  no  reaction  with  iodine. 

Subjected  to  optical  analysis  in  exactly  the  same  manner  as  the 
above  specimens  of  Otaheite  cane  juice,  this  crystallina  juice  gave 
the  data: 

d    =       1.040;  ^  =  21^.7  C. 
«    =       4^      ;  €  =  0  545 
a"=— 1^.6  ;  n  =  0.85 

Hence,  by  calculation,  x  =  0.04051;  and  therefore  this  juice  con- 
tains 4  per  cent,  only  of  cane  sugar.  The  value  of  D  is  also  nega- 
tive, indicating  the  presence  of  left  polarizing  sugar. 

19.  The  preceding  experiments  were  instituted  with  the  view  of 
determining  whether,  as  has  of  late  been  maintained,  cane  sugar  is 
a  primary  or  secondary  product  in  the  development  of  the  plant; 
whether,  in  other  words,  it  is  formed  directly  by  physiological 
agency,  from  inorganic  matter,  or  whether  it  has  existed  previously 
as  a  constituent  and  organic  portion  of  the  cane  during  its  earlier 
immature  condition,  and  has  assumed  the  nature  of  crystallizable 
sugar  by  virtue  of  some  chemical  change  at  an  advanced  stage  of 
the  development  of  the  plant.  The  facility  with  which  those  vege- 
table substances  undergo  transformation  which  are  composed  of 
carbon,  hydrogen  and  oxygen,  when  the  two  latter  are  in  the  pro- 
portions requisite  to  form  water,  naturally  suggests  the  hypothesis 
that  sugar  may  be  formed  in  plants  by  some  means  analogous  to 
those  employed  in  converting  starch  and  woody  fibre  into  grape 
sugar,  and  the  latter  into  alcohol  and  carbonic  £^cid.  Yet,  as  all 
these  changes  seem  but  steps  of  degradation  in  the  scale  of  organ- 
ized being,  partial  returns  to  inorganic  nature,  and  as  it  has  hither- 
to been  found  impracticable  by  artificial  means  to  form  crystalliz- 
able sugar,  which  seems  to  occupy  a  higher  rank  in  the  scale  of 
vegetable  organizatibn,  it  has  been  with  seeming  probability  con- 
cluded that  cane  sugar  in  the  growing  plant  results  from  no  chemi- 
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cal  reaction  upon  such  substances  as  starch,  woody  fibre,  &c.,  but 
is  produced  directly  by  some  vital  and  mysterious  forces  different 
from  those  of  mere  chemical  aflSnity,  and  for  the  discovery  of  which 
we  should  study  rather  the  effects  of  light,  electricity,  &c,,  than 
mere  reactions  of  acids,  alkalies,  and  other  chemical  re-agents. 

20.  The  probable  conclusion  which  I  would  deduce  from  the  re- 
sults of  the  preceding  analyses  is,  that  sir.ce  no  other  sugar  than 
cane  sugar  exists  in  the  mature  joint  of  cane  grown  under  favorable 
circumstances,  while  left  polarizing  sugar  is  a  constituent  element 
of  new  and  immature  joints,  which  also  vary  chemically  from  the 
former  in  other  respects,  and  undergo  a  change  not  unlike  that 
which  takes  place  in  the  ripening  of  fruits,  cane  su^ar  is  therefore 
formed  as  a  secondary  product,  and  probably  from  the  left  polar- 
izing sugar;  an  opinion  the  opposite  of  that  which  has  been  of  late 
generally  accepted,  and  based  upon  investigations  made  by  M. 
Hervy,  in  France,  under  the  unfavorable  circumstances  of  using 
canes  grown  in  hot-houses,  as  well  as  upon  the  above-mentioned 
theoretical  reasons.  M.  Hervy  states  that  there  was  no  difference 
in  the  old  and  new  joints  of  the  canes  he  used;  but  to  every  planter 
it  is  a  familiar  fact  that  new  joints  differ  entirely  from  old  in  the 
countries  adapted  to  the  culture  of  the  cane;  the  former  being  suc- 
culent in  fibre,  and  of  an  astringent  taste,  destitute  entirely  of 
sweetness,  while  the  latter  are  solid  in  fibre  and  contain  a  perfectly 
sweet  juice. 

Comparative  analyses  of  the  three  varieties  of  the'  cane. 

-21.  Otaheite  cane, — Having  cut  the  cane  transversely  into  thin 
slices,  24.835  ounces  thereof  were  placed  in  the  stove  used  on  the 
Saratoga  estate  for  drying  clay^ed  sugar,  and  allowed  to  remain 
there  for  two  days,  when  it  was  taken  out  and  found  to  weigh 
7.8995  ounces;  haying  lost,  therefore,  16.9355  ounCes  of  w^ter. 
Hence  we  have: 

Water ....68.20 

Solid  matter..... 31.80 


100.00 


If  this  water  be  supposed  to  have  been  combined  with. sugar  in 
the  same  proportion  as  shown  in  article  9,  then  we  have  83.20  as 
the  amount  of'  saccharine  juice  contained  in  this  cane — a  value 
slightly  different  from  that  of  article  9,  but  not  more  so  than,  may 
justly  be  considered  confirmatory  of  that  result*  for  it  should  be 
anticipated  that  cane  which  has  been  ground  would  dry  more  tho- 
roughly than  that  which  has  been  merely  cut  into  slices,  the  fibres 
of  the  former  being,  to  a  great  extent,  separated  or  torn  apart,  and 
thus  a  larger  surface  exposed  for  evaporation.  If  we  allow  a  prob- 
able error  for  hygrometricity,  we  shall  have  very  nearly  70  per 
cent,  of  water  and  30  of  solid  matter  as  the  most  probable  compo* 
Bition  of  this  Otaheite  cane. 
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22.  CreoUf  or  crystallina  cane.-^HaviDg  similarly  cut  into  slices 
some  Creole  cane,  13.311  ounces  were  dried^  first  by  exposure  in  a 
flat  dish  for  24  hours  to  the  sun  and  action  of  the  air,  and  after- 
wards by  allowing  it  to  remain  four  days  in  the  drying  oven,  when 
it  was  removed,  and  weighed  4.158  ounces;  having,  therefore,  part- 
ed with  9.153  ounces  of  water  by  evaporation.    Hence  I  deduce: 

Water 68.76 

Solid  matter 31.24 


100.00 


A  result  which  would  give,  if  the  juice  of  this  cane  be  supposed 
to  contain  18  per  cent,  of  sugar,  83.85  per  cent,  as  the  amount  of 
that  juice.  The  diflFerence  between  this  result  and  that  of  article  8, 
is  of  the  same  degree  as  that  described  in  the  preceding  article; 
and  like  it,  for  the  same  reasons,  is  rather  confirmatory  than  at  va- 
riance with  subsequent  experiment.  Also,  allowing  in  this  case  a 
similar  probable  error,  we  may  assume  approximatively  70.5  as  the 
per  cent,  of  water,  and  29.5  as  that  of  solid  matter,  composing  this 
specimen  of  crystallina  cane. 

23.  Ribbon  cane, — Thin  slices  of  ribbon  cane,  weighing  15.100 
ounces^  were  similarly  dried  in  the  sun  for  24  hoiirs,  and  afterwards 
for  four  days  in  the  oven;  they  then  weighed  4.313  ounces,  and 
had,  therefore,  lost  10.787  ounces  of  water.  Hence  we  have  the 
composition: 

Water 71.45 

Solid  matter 28.55 


100  00 


And  if  we  suppose  the  juice  of  this  cane  to  contain  also  18  per 
cent.,  we  shall  then  have  87.10  per  cent,  as  the  amount  of  juice. 
This  amount  also  falls  short  of  the  corresponding  results  given  in 
article  7.  And  if  we  make  an  allowance  simitar  to  those  made 
above,  then  we  have  72.50  per  cent,  of  water  and  27.50  per  cent, 
of  solid  matter  as  the  probable  composition  6'f  this  cane. 

24.  From  the  dried  slices  of  Otaheite  cane  of  the  abovQ  experi- 
ment, article  21, 1  took  1  577  ounces,  and  digested  them  for  several 
hours  in  alcohol  of  the  specific  gravity  0.835,  which  dissolved 
0.0965  ounce  of  solid  matter.  Evaporiated  to  dryness,  it  appeared 
to  be  cbiefly  sugar,  but  had  a  somewhat  bitter  taste,  and  did  not 
dissolve  completely  in  water.  The  insoluble  portion  weighed 
0.0012,  and  was  found  to  be  soluble  in  sulphuric  ether  and  in  al- 
cohol; it  had  a  peculiar  fragrant  and  balsamic  oder,  and  seemed 
to  be  composed  of  wax  united  with  an  essential  oil.  It  is  this 
essential  oil,  I  think,  which  gives  to  the  cane  and  its  raw  juice  a 
characteristic  and  slightly  unpleasant  taste  and  odor,  which  is  lost 
entirely  when  the  juice  is  boiled  and  defecated  with  lime. 


191  [  50  ) 

25.  The  pulp  was  then  boiled  in  distilled  water  for  several  hours. 
This  water  being  filtered  and  concentrated  by  evaporation  over  a 
spirit  lamp,  gave,  when  treated  with  a  mixture  of  alcohol  and  sul- 
phuric ether,  a  precipitate  which  was  mucilaginous,  and  had  all  the 
properties  characteristic  of  pecHne;  aiid  which,  when  dried,  weighed 
0.00956  ounce. 

26.  The  pulp  was  again  boiled  in  a  solution  of  potash,  in  which 
it  had  steeped  for  nearly  twelve  hours.  The  excess  of  potash 
being  neutralized  by  hydrochlciic  acid,  I  then  obtained  with  tannin 
a  precipitate,  weighing,  when  washed  and  dried,  0.1063  ounce,  and 
.which  contained  0.07486  ounce  of  albumen.     That  this  substance 

Erecipitated  by  tannin  could  be  no  other  than  albumen  I  conclude 
ecause  the  neutralized  solution  gave  also  a  precipitate  with  chloride 
of  mercury,  soluble  in  potash,  but  insoluble  in  hydrochloric  acid 

27.  After  being  thus  treated  with  alcohol,  water,  and  aqua  potas- 
sae,  the  pulp  was  well  washed,  first  with  dilute  hydrochloric  acid, 
and  then  with  water;  and,  when  perfectly  dry,  it  was  found  to 
weigh  0.56165  ounce,  and  seemed  to  consist  only  of  woody  fibre. 

From  the  above  data,  I  deduce  the  following  composition  of  lOO 
parts  by  weight  of  this  dried  cane: 

Sugar •.. 58.95 

Woody  fibre *. ,.•..  35.55 

Albumen .4.80 

Pectine.. 0.62 

Wax,  &c ^ 0.08 


100.00 


28.  To  ascertain  the  extent  to  which  dried  cane  suffers  deterio^ 
ration  when  kept  for  a  length  of  time,  and  after  a  sea  voyage,  the 
dried  slices  of  each  of  tl\e  thre^  varieties  of  arts.  21,  22,  and  23, 
were  wrapped  carefully  in  paper,  and  taken  with  me  from  Cuba  to 
Philadelphia.  Several  wetks  after  mv  arrival  in  the  latter  place,  I 
gubjected  to  analysis  one  ounce  of  each  variety,  following  a  method 
aimilar  to  the  above,  except  that  I  precipitated  the  pectine  with 
absolute  alcohol  only,  and  the  albumen  from  the  alkaline  solution? 
by  acetic  acid  and  alcohol.  I  thus  obtained  from  one  ounce  o£ 
Otaheite  cane  0.00282  oz.  pectine,  0.02206  albumen,  0.29628  lignin, 
and  0.67884  sugar,  &c.;  or, 

,  Sugar,  &c ►-. 67.884 

Pectine 0.282 

Albumen 2.206 

Lignin ;.  29.628 

100.000 
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Similarly,  one  ounce  of  dried  Ribbon  cane  yielded  0.0163  p^c- 
tine,  0.01672  albumen,  0.3378  lignin,  and  0.62918  sugar,  &c.,  or. 

Sugar,  &c '. 62.918 

Pectine....^ ..•••.  1.630 

Albumen -  , 1.672 

Lignin ;..•.. 33.780 

:  100.000 


And  from  one  ounce  of  dried  ..Creole  cane  I  obtained  0.01157 
pectine,  0.0889  albumen,  0.2627  lignin,  and  0.6368  sugar,  &c.,  or, 

Sugar,  &c 63  68 

Pectine • 1.16 

Albumen '8.89 

Lignin 26.27 

100.00 


29.  To  determine  what  proportions  of  the  67.88  per  cent,  of 
matter  contained  as  above  in  dried  Otaheite  cane,  soluble  in  dilute 
alcohol  and  hot  water,  and  of  the  corresponding  62.92  per  cent,  in 
ribbon,  and  63.68  per  cent,  in  Creole  cane,  were  respectively  erys- 
tallizable  cane  sugar  and  substances  resulting  from  fermentation  or 
other  chemical  action,  I  made  the  following  optical  examinations 
two  months  afterwards.  This  delay  was  intentional,  and  designed 
to  permit  any  gradual  deterioration  which  miight  obtain  from  slow 
fermentation,  or  frot^  changes  of  hygromttricity  and  temperature, 
to  progress  still  further,  and  thun.  afford  a  more  decided  result.  In 
the  mean  time,  the  cand  was  carefully  kept  in  a  dry  and  elevated 
room. 

The  ribbon  cane,  when  opened,' was  found  to  be  full  of  very 
small  worms,  and  to  have  been  ^reaitly  injured  by  them.  No  ac- 
curate analysis  could  therefore  be  made  of  it,  and  analogy  alone 
can  furnish  evidence  of  what  changes  would  have  otherwise  taken 
place.  The  worms  had  the  appearance  of  those  which  are  often 
br^d  in  cheese,  though  smaller,  and  I  do  not  doubt  that  they  origi- 
nated in  the  cane,  itself.  If  dried  cane  be  liable  to  be  attacked  by 
such  insects,  this  in  itself  constitutes  a  serious  objection  to  any 
method  of  manufacture  based  upon  desiccation  and  subsequent  ma- 
ceration. 

The  Otaheite  and  the  Creole  cane  had,  however,  all  the  appear- 
ance of  being  perfect,  alike  in  color,  taste,  and  every  other  exter- 
nal indication.  I  mixed  them  with  three  parts  of  water  exactly, 
so  as  to  form  25  per  cent,  solutiiins,  repeatedly  shaking  the  mix- 
ture, and  compressing  the  pulp  with  a  wooden  instrument  similar 
to  the  ordinary  lemon  squeezer,  in  order  the  more  effectually  to 
extract  any  soluble  matter.     The  solutions  were  slightly  colored} 
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and  they  were  therefore  deolorized  with  boneblack,  and   filtered^ 
after  which  they  were  observed  with  the  following  results: 

For  the  Otaheite  cane: 

•  'o  =       12°;  (i=  1.044; 
a"=—    5  ;  n=      0.9; 

and  therefore  by  calculation  a;=:32.7  per  cent,  of  cane  sugar. 

For  the  Creole  cane: 

a    =       16^    ;  d=  1.035; 
'a''  =  —    7° .5;  n=      0.9; 

and  therefore  We  deduce  x=45.4  per  cent,  of  cane  sugar. 

For  the  Otaheite  cane  we  have  for  the  value  of  D  ih  the  equa- 
tion, 

S  +  D=:a, 

the  negative  value,  D  =  —  1.22;  and  similarly  for  the  Creole  cane,  ^ 
D  =  — 1.18.      Hence  it  follows  that   in  each  of  them  there  has 
been  fornved  by  fermentation  a  large  proportion  of  left  polarizing 
matter. 

Asa  check  upon  these  optical  determination^,  I  subjected  the 
solutions' to  the  copper  test  of  Trommer,  and  obtained  for  each  a 
large  precipitate  of  the  red  protoxide  pf  copper.  With  a  warm  and 
dilute  solution  of  caustic  potash,  the  dark  color  produced  by  fer- 
mented sugar  was  readily  given  when  slices  of. the  cane  were  sub- 
jected to  its  action.       •  , 

30.  These  results  should  therefore  settle  the  point  that  dried 
cane  cannot  be  kept  long  without  decomposition,  and  consequently 
that  it  cannot  be  exported  without  ioss,  to  be  ikianufactured  in  for- 
eign countries  by  the  process  of  maceration.  Many  have  thought 
that  the  cane  sugar  industry  could  be  thus  completely  and  advan- 
tageously revolutionized.  Aut  the  proposition  may  now,  I  think^ 
be  regarded  as  no  longer  worthy^ of  serious  consideration;  espe- 
cially since  the  above  results  obtained,  by  the  method  of  polaris^a- 
tioD,  and  checked  by.the  copper  and  potash  tests,  are.  confirmatory 
of  the  labors  of  M.  Dupuy  in  Guadaloupe,  who  obtained  from 
freshly  dried  cane,  stripped  of  its  rind,' 66  per  cent.- of  pure  sugar, 
but  four  months  afterwards  could^  extract  therefrom  but  34  per 
cent.,  which  was  clammy  and  dark  colored^  In  comparing  this 
result  with  those  given  above,  it  must  be  bofne  in/mind  that  the  ^ 
rind  as  well  as  the  pulp  of  the  ciane  was  used,  so  as  to  Tender  the 
circumstances  as  nearly  as  possible  like  those  which  \^uld  proba- 
bly be  followed  on  a  large  scale. 

An  ^n-^logous  fermentation  which  takes  place  in  dried  beets  has 
been  studied  by  Messrs.  Fr6myand  Boutron,who  found  that  lactic 
acid  is  gradually  formed  at  the  expense  of  the  sugar;  but  the  pre- 
sence of  left  polarizing  matter  indicated  by  the  negative  values  of 
D,  in  my  experiments  upon  dried  cane,  clearly  shows  that  this 
transformation  is  attended  with  phenomena  which  require  further 
investigation  before  it  can  be  fully  understood. 
13 
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Analysis  of  some  of  the  feculencies  contained  in   Otaheite  cane 

juice. 

31.  For  the  purpose  of  ascertaining  whaf  is  the  nature  of  the 
greater  part  of  the  feculeneies  contained  in  cane  juice,  and  which 
separate  by  gentle  heat  alone,  J  took  a  portion  of  the  scum  (tjot^ 
the  clarifier,  heated  to  140°  Fahrenheit,  and  subjected  it  to  analy- 
sis, with  the  following  results: 

The  feculeneies  as  taken  from  the  pan  wer^  partially  dried  by 
exposure  to  the  air,  but  they  were  so  retentive  of  moisture  that  I 
found  it  impracticable  to  dry  them  thoroughly  without  heat,' which 
would  probably  change  the  combinations  of  their  elements^  and 
was  therefore  avoided;  and  when  mixed  with  water,  they  formed  a 
mucilaginous  mass,  which  could  not  be  filtered.  A  portion  of  the 
still  moist  feculeneies  being  then  carefully  weighed,  was  digested 
in  boiling  alcohol  of  the  strength  of  95  per  cent.,  and  the  mixture 
subjected  to  filtration  on  a  counterpoised  fitter.  The  solid  matter 
in  the  filter  was  gently  and  freely  washed  with  fresh  alcohol,  after 
which  it  formed  a  perfectly  dry  pulverulent  mass,  and  was  equal 
in  quantity  to  11.04  per  cent,  of  the  original  matter  treated  with 
alcohol.  By  evaporation  this  alcohol  yielded  1.64  parts  of  wax, 
and  a  small  portion  of  an  essential  oil;  it  had  therefore  taken  up 
87.32  parts  of  water.,  H^nce  the  scum  examined  is  composed  of 
87.32  per  cent,  of  water,  and  12.68  p«r  cent,  of  dry  matter. 

From  thee  rebults,  united  with  those  of  an.  analysis  of  the  por- 
tion insoluble  in  strong  alcohol,  I  obtained,  as  the  composition  of 
the  12.68  per  cent,  of  dr^  matter  in  the. feculeneies  which  sepjtr^te 
from  Otaheite' cane  juice  by  heat  alone: 

Woody  fibre .......•• ,.  70.5 

Albumen  ,»•• • ,.•- 14.0 

Wax 12.9 

Silica 1.3 

Phosphate  of  lime  • .  •  • , .•••,*• •..•••  1.1 

Oxide  o/  iron.., • ......r  .«•. 0.2 

Essential  oil ••«'.•••••  ••••.• •••a  trace. 


100.0 


By  washing  a  considerable  quantity  of  these  feculeneies  with 
sulphuric  ether,  which  was  afterwards  allowed  to  evaporate  spon- 
taneously, I  succeeded  in  obtaining  several  drjO{is  of  the  essential 
'  oil  which  I  had  previously  detected  in  the  dried  cane.  They  had 
the  taste  of  raw  cane  juice,  tbdugh  in  much  greater  degree;'  were 
insoluble  in  water,  soluble  in  alcohol  and  ether,  and  volatilized  at 
a  temperature  belo^  the  boiling  point  of  water,  exhaling  a  pecu- 
liar odor.  '" 

32.  If  the  temperature  of  th^  clarifier  had  been  more  elevated, 
yet  not  allowed  to  apptoach  the  boiling  point,  say  175®  to  200*^ 
f^aiirenheit,  a  larger  proportion  of  albumen  would  doubtless  have 
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1>eeii  coagulated  and  formed  part  of  the  scum ;  whije  the  wbx 
would  have  been  diffused  through  a  larger  mass,  and  consequently 
appeared  less  considerable.  No  substance  soluble  in  water  at  140^ 
Fahrenheit  could  of  course  be  found  in  this  scum^  and  it  contained 
neither  pectine  nor  any  alkaline  salts;  and  as  no  temper  lime  had 
heen  added  to  the  juice  from  which  it  was  taken,  lime  existed  in 
it  only  in  the  form  and  proportion  of  the  phosphate  of  lime,  which 
constituted  an  element  of  the  liring  plant. 

With  reference  to  the  oxide  of  iron,  I  should  attribute  its  pre- 
sence rather  to  accidental  circumstances  arising  from  the  use  of 
heavy  iron  rollers  for  expressing  the  juice.  The  surfaces  of  these 
rollers  are  subjected  constantly  to  oxidation  in  contact  with  air 
and  moisture,  as  well  as  to  the  friction  of  the  canes  which  pass  be* 
tween  themi,  covered  often  with  particles  of  sand]  and  that  the  ex- 
pressed juice  should  contain  Mechanically  a  slight  portion  of  inso- 
luble oxide  of  iron,  which  may  become  attached  to  the  floating 
woody  fibres,  or  be  gathered  into  the  scum  by  the  coagulated  al- 
bumen, is  therefore  to  be  expected. 

CHAPTER  H. 

OK   THB   VARIOUS   PROCESSES    FOLLOWED  IN    TflE  MANUFACTURE    AN0 
REFINING    OF    SUGAR. 

,  At  first  sight  it  would  appear  that  the  arts  of  the  manufacture 
and  refining  of  sugar  are  entirely  distinct  and  different;  but  a  more 
careful  consideration  leads  to  the  conclusion  that  they  might  al- 
most be  regaided  scientifically  as  one  single  art;  pursued,  however, 
by  different  persons,  and  generally  in  countries  of  very  dissimilar 
climate,  far  remote  from  e^ch  other. 

Thus  sugars  of  the  East  and  'West  Indies  are  refined  in*  Russia, 
England*,  Holland,  France,  the  United  States,  and  other  countries; 
the  luxuriant  ^rb^th  of  the  tropic^  and  crude  processes  of  extrac- 
tion furnishing  aii  arti^'cle  which  is  afterwards  refined  by  the  in- 
dustry and  chemical  skill  of  northern  nations,  in  climates  the  most 
favorable  for  this  latter  operation. 

France  only,  of  the  inpst  important  and  powerful  nations,  affords 
«n  instance,  in  her  beet  sugar  industry,  of  a  country  in  which  sugar 
is  produced,  refined,  and  consumed,  without  much  change  of  place 
and  climate. .  Hence  I  am  inclined  to  think  that  perhaps  the  chief 
reason  why  the  manufacture  of  cane  sugar  has  been  regarded  as  an 
art  totally  different  from  that  of  sugar-refining,  is  one  rather  of 
difference  of  latitude  and  longitude,  and  of  persons,  than  of  alche- 
mical nature. 

And.  believing,  as  I  do,  that  the.  sugar  planters  of  the  south 
would  find  it  greatly  to  their  advantage  to  acquaint  themselves. 
^tb,  and  introduce  into  their  sugar-houses,  the  beautiful  and  per- 
fect methods  employed  by  northern  refiners,  I  shall  discuss  together 
the  processes  practised  alike  by  both,  though  with  different  skill, 
and  which,  if  separated  geographically,  are  still  chemically  the 
same.  , 

Both  the  planter  and  the  r<efiner  have  the  same  problejn  to  per- 
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t  form;  that  of  obtaining  crystallized  sugar  bj  evaporation  from  im- 
pure solutions  thereof.  Both  resort  to  methods  clrtsely  similar,  but 
they  differ  much  in  circumstances;  the  planter  being  an  agricultu- 
rist, much  of  whose  time  and  care  are  necessarily  given  ^to  the 
culture  of  the  beet  or  cane,  which  constitutes  his  raw  material,  and 
who  has  generally  to  contend  with  the  disadvantages'of  climate, 
with  the  ignorance  and  stupidity  of  negro  worknien,  and  with  the 
want  of  those  facilities  for  procuring  and  repairing  xAachinery 
*  usually  so  readily  commanded  by  the  refiner;,  while  the  latter,  em- 
ploying intelligent  and  skilful  workmen.,  and  possessing  the  CBpi- 
tal  requisite  for  purchasing  the  raw  £^ugars  imported  for  him  by 
merchants,  experiences  no  such  losses  as  the  failure  pf  crops,  and 
in  his  colder  climate  is  free  from  the  necessity  of  Working  very 
rapidly,  to  avoid  those  accidental  fermentations  to  which  tjie  tro- 
pical planter  is  so  much  exposed. 

Hence,  in  considering  the  processes  employed  by  the  planters  in 
contrast  with  those  followed  by  the.  refiners,  great  allowance  must 
be  made  f6r  the  different  circumstances  in  which  they  are  placed, 
if  we  would  judge  correctly  of  their  comparative  enterprise  and 
intelligence, 

The  above-mentioned  processes  of  manufacture  and  refining  may 
be  classed  under  the  following  di^inct  heads:    ' 

1st.  Obtaining  a  saccharine  solution  from  the  raw  material; 
2d,    Defecation  or  clarification; 
3d^   Filtration; 
4th.  Evaporation; 

6th.  Crystallization;  .  •  . 

6th.  Drying; 

7th,  Working  of  second  products;  ' 

Sth.  ^Us£  and  treatment  rf  aninial  charcoal. 

And  under  these  heads  I  shall  discuss,  in  close  connexion,  not 
.  only  the  present  but  the  past  condition  of  these  two  arts-^ast  and 
present  being  terms,  applicable  rather  to  stages  in  the  progress  of 
knowledge,  than  of  general  practice;  for  many  refiners,  ks  well  as 
planters,  still  continue  to  use  the  old  and  faulty  methods,  which 
should  be  aband6ned.  In  doing  which,  however,  they,  axe  perhaps 
oftener  governed  by  necessity  than  choice;  by  want  of  ability  to 
procure  new  machinery,  than  of  inclination  to  adopt  it  if  attain- 
able. And  here  I  n^ay  rei]Qark,<that  is  only  within  a  few  years  that 
any  very  important  improvements  havie  been  made  ia  the. sugar  in- 
dustry of  the  world.  , 

The  art  of  .refining  sugar  has  been  entirely  revolutionized  by  the 
admirable  invention  of  the  vacuum  pan  of  the  Hon.  Edwi^rd  Charles 
Howard,  patented  November  13,  1813,  and  carried  into  practice 
some  time  afterwards  by  Mr.  Hodgson,  together  with  the  employ- 
ment of  animal  charcoal  for. clarification,  recommended  first,  I  be- 
lieve, by  M«  Derosne,  and  rendered  practicable  bj  MM.  Payen  and 
Pluvinet^  who  manufactured  it  on  a  large  scale. . 

While, also,  the  manufacture  o^  beet  sugar,  originating  in  France 
at  the  time  when  her  ports  were  blockaded  by^the  English  navy^ 
atimulated  Vy  special  piiyilegeB  a&d  rewards  granted  by  tJbe  govern- 
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mcnty  ai^  aided  hj  the  combined  scieoce  of  that  nation,  has  served 
to  test  apparatus  and  methods  the  most  varied,  and  to  trace  oat 
chemical  relations  and  reactions  the  most  intricate  and  important. 

In  those  countries  where  the  sugar-cane  flourisheS|  (the  purest 
and  the  richest  in  saccharine  matter  of  known  plants,)  little  im« 
provement  took  place,  or  was  even'  attempted,  until  very  recently^ 
if  we  except  the  successful  experiments  of  M.  Dutrone,  in  St.  Do- 
mingo, before  that  island  reverted  to  barbarism  by  the  massacre  of 
ita  white  inhabitants.  Lately,  however,  the  planters  of  the  tropics 
bare  begun  to  ajfpreciate  and  avail  themselves  of  the  perfected  ap- 
paratus and  methods  of  the  refiners  and  beet-sugar  manufacturerSi 
and  with  results  the  most  profitable  and  advantageous. 

On  an  estate  in  Cuba,  I  hate  seen  the  juice  of  the  cane  purified 
with  lime  and  animal  black,  and  evaporated  in  a  vacuum  pan, 
yielding  white  sugar  only,  and  little  or  no  molasses;  the  sirup 
drained  from  the  first  crystallization  being  evaporated  a  second 
time,  and  yielding,  white  sugar,  in  color  only  a  shade  darker  than 
the  firsts  and  of  excellent  grain. 

Such  estates  constitute  exceptions,  however;  while  for  a  very 
large  number  the  arrangements  and  methods  described  by  the  au- 
thor of  the  Histoite  Jfaturelle  du  Cacao  et  du  Sucre^  published  in 
1720,  the  oldest' treatise  I  have  seen  on  the  subject,  would  answer 
almost  as  well  for  this  day  as  that  in  which  he  wrote.  The  use  of 
the  steam  engine  to  grind  the  cane,  and  the  substitution  of  the  mill 
with  horizontal  in  place  of  that  With  vertical  i^oUers,  being  almost 
the  on\y  improvements  extensively  introduced.  / 

SsGTioN  I.^-On  obtaining  a  saccharine  soiution  from  the  raw  mate- 
rial. 

Under  this  bead  I  shall  discuss  th^  methods  employed  for  die* 
solfing  brown  or  raw~  sugars  by  the  refiner?,  and  those  l^mployed 
for  the  extraction  of  the  juice  both  from  beets  and  the  cane,  as 
well  as  the  various  modifications  which  have  been  either  attempted 
or  mer€ly  suggested. 

1.  In  refineries  conducted  upon  .the  old  or  German  method,  it  is 
customary  to  dissolve  the  sugar  with  lime  water,  in  an  open  hemi- 
spherical copper  pan,  exposed  to  the  direct  aiction  of  the  fire;  iising 
only  the  quantity  of  lime  water  requisite  for  complete  solution,  and 
stirring  in  at  the  same  time  a  quantity  of  bullock's  blood,  to  com- 
mence the  operation  of  clarification.^ 

2.  In  refineries  conducted  on  more  modern  principles,  the  raw 
-sugar  is  usually  dissolved  in  about  30  per  cent,  of  water,  in  copper 
vessels,  heated  by  ste<im,  by.mean^  of  a  double,  bottom,  or  a  ser- 
pentine tube  pierced  with  holes,  through  which  jets  of  steam  is^ue 
and  famish,  by  condensation,  part  of  the  water  of  solution.  The 
heat  caused  by  steam  issuing  from  such  a  serpentine  tube  is  said 
not  to  exceed  180^  Fahr.  To  enable  the  next  operation  (that  of 
clarification)  to  be  performed,  the  double  bottom,  with  the  use  of 
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steam  of  rather  higher  pressure)  becomes  necessary^  The  peculiar 
mechanical  effects  produced  by  the  jets  of  steam  in  this  operation 
haTe  caused  it  to  receive  th^  name  of  the  hlovi-up.  The  proportion 
of  Teater  used  for  dissolving  the  sugar  should  npt  vary  much  either 
way  from  30  per  cent.,  the  quantity  which  forms  a  saturated  solu- 
tion at  the  ordinary  atmospheric  temperature;  for  if  less  were  u'sed^ 
the  sirup  would  not  run  freely  through,  and  might  even,  if  cooled^ 
crystallize  in  the  filters;  and  if  greater,  the  excess,  of  water  would 
cause  subsequent  loss  of  fuel  and  time  in  its  evaporation.  Daring 
this  operation,  and  indeed  as  part  of  it,  a  quantity  of  lime  water 
and  of  fine  animal  charcoal  is  added  to  the  solution  of  sugar;  the 
purpose  of  which  we  shall  discuss  under  the  next  division  of  our 
subject — that  of  defecation,  to  which  it  properly  belongs. 

3.  The  complete  extraction  of  the  juice  from  the  beet  is  a  prob- 
lem upon  which  much  ingenuity  has  been  exetcised  in  l^rance;  and 
the  various  contrivances  and  experiment^  which' have  consequently 
been  either  successfully  or  unsuccessfully  tried,  ^re  w^ll  worthy  of 
the  attention  of  those  interested  in  the  manufacture  of  cane  sugar; 
for  it  is  thoroughly  established  that  no  less  than  25  per  cent,  of  all 
the  juice. contained  in  the  cane  ifr  lost  in  the  usual  mode  of  work- 
ing, being  retained  by  the  spongy  fibres  of  the  begstssa;  and  if  im- 
provements are  to  be  made,  or  attempted,  to  get  rid  of  this  loss,  it 
is  certainly  important  to  gather  from  the  experience  of  the  beet** 
sugar  manufacture  all  th^  light  which  analogy  can  afford. 

4.  By  pressure.  The  beet,  before  it  isf  subjected  to  pressure  to 
obtain  its  juice^  is  usually  first  well  cleaned,  to  remove,  adhering^ 
earth,  and  then  reduced  to  a  finely  divided  state  by  rasping.  The 
details  of  these  operations  I  shall  not  describe,  because,  as  nothing 
similar  has  b^en  attempted  or  thought  desirable  for  the  cane,  such 
details  are  rather  matters  of  curiosity  than  of  importance  in  con- 
nexion with  the  objects  of  tdis  report;  and  I  may  therefare  be  al- 
lowed to  refer  to  the  works  upon,  that  particular  branch  of  the  sugar 
industry,  for  the  gratification  of  such  curiosity. 

After-being  thus  finely  divided,  the  pulp. of  tke  beet  is  pressed, 
either  by.  means  of  Bramah's  hydrostatic  press,  (too  well  known  in 
the  arts  generally  to  nee^d  description  here,)  or  by  means  of  the 
press  of  M.  Pecq^ueur,  which  acts  continuously,  and  consists  of  a 
forcing  pump,  to  push  the  pulp,  as.it  coines  from  the  rasp,  between  ^ 
two  revolving  hollow  cylinders,  pierced  with  holes  and  covered 
with- metalliQ  gauze. 

This  latter  press  gives  le^s  juice  than  the  former,,  chiefly  because 
it 'motes  too  rapidly  to  allow  suflScient  time  for  the  juice  to  flow 
put,.  Both  pierform  , their  office,  however,  very  imperfectly;  for  it 
is  asserted  that  a  portion  of  the  pulp  can  be  more  folly. deprived  of 
juice  by  squeezing  it  in  the  hand  than  tHe  mass  becomes  which  is 
subjected  to  the  action  of  either  of  the  above-mentioned  presses. 

The  amount  of  juice  obtained  is  usually  75  per  cent.;  while  95 
per  cent,  i^  contaiaed  in  the  beet.  There  is;  therefore,  aloss  of 
about  20  per  cent.- 
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M.  de  Mesmaj  extracts  from  pulp  thus  pressed  the  further  amount 
of  15  per  cent,  of  juice  by  subjecting  it  to  the  action  of  steam^  in 
close  Tcssels.  The  steam  appears  to  destroy  the  cellules  left  un- 
broken by  the  rasp,  and  to  allow>an  additional  escape  of  juice  by 
a  second  pressure. 

In  some  establishments  15  per  cent,  of  water  is  added  to  the  pulp* 
as  it  comes  from  the  rasp;  after  which,  it  passes  to  the  press.  Ift 
others,  a  simitar  quantity  of  water  is  poured  in  a  fine  stream  upon- 
the  rasp  itself;  and  it  is  contended  that  a  juice  is  thus  obtained  of 
equal  density,  and  in  large?  quantity;  the  theory  being  that  the 
water  acts  by  displacement,  being  absorbed  by  the  pulp  in  place  of 
the  juice  it  contains. 

5.  Many  experiments  have  been  tried  on  a  large  scale  in  France^ 
with  the  porpose  of  discovering,, if  possible,  a  process  for  obtaining 
all  the  juice  contained  in  the  beet  without  injury  to  its  quality. 
They  appear,  however,  to  have  been  attended  with  but  little  suc- 
cess; and  their  discussion  here  might  therefore  be  omitted,  were  it 
not  that  much  instraction  may  be  derived  from  these  attempts,  with 
reference  to  the  dimculties  and  the  chemical  facts  which  they  ren« 
der  manifest,  and  which  equally  relate  to  the  cane  and  the  imporr 
tant  problem  of  the  extraction  of  its  juice.  *  <     . 

Almost  all  of  these  attempts  have  consisted  in  washing  the  rasped 
pulp,  or  slices  of  the  beet,  with  Water,  according  to  methods  vari* 
ously  modified,  so  as  to  give  s^rturated  saccharioe  solutions  with  as 
little  admixture  of  .foreign  matter  as  possible.  But  nearly  all  such 
methods  have  been  attended  with  .the  disadvantage  of  increasing 
the  quantity  of  water  to  be  evaporated,  and  the  consequent  expense 
of  fuel.  The  simplicity  of  the  apparatus  proposed,  and  the  small 
investment  of  cslpital  required  by  most  of  these  processes,  together 
with  an  increased  amount  of  sugar  obtaitied,  have,  however,  caused 
their  authors  generally  to  imagine  that,  they  would  more  than  com- 
pensate for  the  additional  consutnption  of  fuel  they  require. 

6.  By  maceration  in  hot  water.  The. process  of. maceration  in  hot 
water  of  M.  de  Dombasle  is  one  of  the  best  known,  and  most  tho- 
roughly tested.  M.  de  Mesmay  having/worked  his.  establishment 
for  some  time  acc^i^rding  to  this  methad,  at  length  abandoned  it,  and 
adopted  the  usual  method  of  rasps  and  presses.  The  saccharine 
solution  obtained  was  of  the  common  djehsity,  by  reason  in.  great 
pari  o£  foreign  matter  dissolved,  being  indeed  less  rich  in  sugar. 
The  ilefecation  was  attended  with  dimculties;  the  feculencies  did 
not  gather  well,  were  very  soft,  and.  even  seemed  to  be  of  a  diffe- 
rent natureTrpm  those  obtained  from  mere  expressed  juice. 

M.  de  Dombasle  havijig  found  that  cold  water  would. not  extract 
the  juice  from  slices  of  beet,  but  that  it  rieadily  unites  With  hot 
water,  attributed  this  fact- to  the  vegetable  life  of  the  beet:  it  is 
simply,  explained,  however,  by  the  action. of  the  heat  upon  the  al- 
bumen and  cellules,  coagulating  the  former  and  rupturing  the  lat- 
ter, so  as  to  pernfit  the  saccharine  matter  to  be  dissolved.  Adopt- 
ing the  theory  that  the  resistance  to  the  solvent  power  of  cold  water 
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vas  a  force  of  life,  M.  de  Dombasle  concluded  that  if  this  life  be 
destroyed  in  any  way,  then  there  would  be  no  longer  any  trouble 
found  in  extracting  the  juice  by  simple  maceration  in  water;  aikd, 
therefore,  that  if  the  juice  contained  be  treated  with  a  quantity  of 
water  equal  to  itself,  this  water  would  form  with  it  a  uniform  solur- 
tion,  and  consequently  unite  with  one-half  of  the  saccharine  matter. 

The  sirup  thus  formed  being  poured  on  a  fresh  portion  of  slices 
of  beet  of  equal  richness  and  wcfight  with  the  former,  should  take 
up  one-fourth  to  constitute  a  homogeneous  liquid,  and  have  a  rich- 
ness of  three-fourths  of  that  of  the  juice.  Similarly,  by  a  third 
operation,  it  would  acquire  one-eighth,  and  so  on;  thus  acquiring, 
by  a  series  of  similar  washings  of  equal  and  fresh  portions,  the 
successive  richnesses,  i,  |,  |,  Hi  ih  ih  {ih  lfl>  etc.;  while  a 
portion  of  pulp,  subjected  to  successive  washings  with  fresh  water 
equal  in  quantity  to  the  juice  it  may  contain,  would  have  the  suc- 
cessive decreasing  richnesses,  1,  4,  i?  79  tV)  ^tc;  yielding  to  ^ch 
successive  portion  of  water  one-halt  of  its  soluble  contents. 

These  ingenious  views  of  M.  de  Dombasle,  though  predicated  on 
a  theory  which  substituted  mysterious  vital  action  for  simple  phy- 
sical and  chemical  causes,  led  to  results  such  as  his  conbIusioK\8 
caU  for,  and  were  put  in  practice  by.manipulationp  similar  to  those 
used  by  the  manufacttirers  of  saltpetre,  who  employ-  a  series  of 
tubs,  arranged  so  that  the  solution- from  one  passes  to  another^  the 
more  exhausted  material  coming  iii  contact  with  fresh  water,  and 
the  nearly  saturated  solution  acting  on  the  fresh  portions. 

M.  de  Dombasle  employs  a  series  of  tubs,  arranged  not  as  ifn 
saltpetre  works,  one  above  another',  but  on  a  level,  and  in  a  circle. 
The  pulp  is  lifted  from  one  and  place^i  in  another,  by  means  of  a 
crane.  ~  ^ 

However  ingenious,  this  method  is  very  faulty,  for  chemical 
reasons:  the  hot  water  dissolves  not  only  the  saccharine  juice,  but 
also  a  la)rge  proportion  of  the  pectine,  while  much  of  the  albumen 
coagulates  in  the  pulp.  Hence  thi^  soft  feculences,  the  diflScblty 
of  collecting  them,  and  their  altered  nature.  .  As  a  general  rule, 
extraction  by  hot  water  must  dissolve  pectine,  and  leave  albumen 
coagulated  in  the  pulp,  and  is^  therefore  to  be  avoided. 

7.  By  maceration  in  cold  water.  Although,  as  above  stated,  cold 
water  will  not  extract  the  saccharine  matter  from  slices  of  beet 
smoothly  cut  with  a  knife,  or  by  other  mechanical  means,  ic  yet 
abstracts  it  freely  from^  the  pulp  made  by  rasping;  and  therefore 
various  ingenious  methods  of  maceration  have  beeh  contrived,  faav* 
ing  for  their  objects  economy  of  manual  liabror,  continuity  of  ope- 
ration, and  the  subjection  of  the  pulp  to  the  action  of  water  in 
Buch  manner  as  to  expose  to  fresh  .water  that  which  has  been  al- 
ready nearly  exhausted,  and.  fresh  pulp  to  the  solution  which  is 
nearly  saturated.  The  contrivances  rjesorted  to  consist  (jrenerally 
in  modes  of  conveying  the  pulp  and  water  in'  opposite  directions*-^ 
the  pulp  passing  out  wt^ere  the  fresh  water  enters,  and  conversely 
entering  where  the  latter  escapes,  "    * 

Thus  MM.  Martin  and  Champonnois  employed,  an  inverted  syphon. 
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ibrough  whtcb  pass,  in  opposite  directions^  a  stream  of  w&ter  and 
an  endless  band,  to  which  small  transyerse  disks  are  attached,  by 
which  the  pulp  is  carried  through  the  syphon. 

But  of  these  mechanical  arrangements,  that  which  is  best  known, 
and  which  has  been  most  used,  is  the  levigateur  of  M.  Pelletan,  a 
rather  complicated  machine,  answering  the  same  purpose  as  the  in- 
▼erted  syphon  and  endless  band  just  described — that  of  carrying 
the  palp  through  a  stream  of  water  flowing  in  the  opposite  direc- 
tion; and  consisting  of  a  sort  of  inclined  Archimedes  screw  and 
trough,  divided  into  numerous  compartments,  so  arranged  that  each 
spiral  of  the  screw  shall  remove  the  pulp  from  one  division  or  com- 
partment to  that  above,  from  which  the  solution  flows  by  reason  of 
the  inclination  given  to  the  whole  apparatus — the  water  entering  at 
the  last  or  upper  division,  where  also  the  exhausted  pulp  passes 
out. 

These  processes  extract  the  albumen  and  saccharine  matter,  but 
lea^  the  pectine  in  the  pulp;  hence  the  liquor  obtained  is  easily 
defecated,  and  yields  a  ^ood  sugar;  while  the  additional  quantity 
of  wat^r  not.  only  renders  fermentation  of  more  easy  occurrence, 
but  also  requires  for  evaporation  a  greater  quantity  of  fuel — an  ob- 
jection of  the  highest  importance  when  fuel  is  not  very  abundant. 

8.  Sy  displacement*  Besides  the  above-mentioned  processes, 
others,  depending  upon  the  principle  of  displacement,  have  been 
tried,  though  with  little  success,  for  the  extraction  of  the  saccha- 
rine juice  from  the  rasped  pulp  of  the  beet.  I  will  here  give  the 
results  obtained  by  M.  Baudrimont,  which  serve  to  show  the  diffi- 
culties which  are  met  with.  He  used  tubes  about  three  inches  in 
diameter,  into  which  he  placeil  the  rasped  pulp,  and  then  filtered 
through  it  a  portion  of  water,  uniting 'the'  effects  of  pressure,  ma- 
ceration, and  filtration,  and  subjecting  the  i;pper  and  more  ex- 
hausted strata  to  fresh  Water,  while  the  lower  portions  were  acted 
upon  by  the  more  saturated  solution,  so  as  to  combine  many  ad- 
vantages. 

At  first^  the  pulp  was  submitted  to  the  pressure  of  a  short  column 
of  water;  (he  juice  flowed  out  very  slowly,  and  two-thirds  of  it 
were  expressed  or  displaced  without  mixture  with  water.  The  re- 
maining third  gradually  filtered  from  th6  tube  in  aqueous  solutions, 
leas  and  less  rich,  but  did  not^  seem  entirely  dissolved,  until  a 
quantity  of  water  had  been  used  equal  to  four  time^  that  of  the 
residual  juice;  so  that,  to  abstract '  Completely  the  juice  from  a 
portion  of  rasped  pulp,  a  quantity  of  water  equal  in  volume  to 
that  oi  the  pulp  must  be  em{5loyed. 

But  the  operation  required  12  hours  for  its  completion — an  ob- 
jection of  great  moment.  To  shorten  the  time,  the  pressure  was 
varied  by  increasing  the  height  of  the  column.  Under  the  pressure 
of  about  20  feet  water,  iii  the  same  filter,  the  pulp  was  exhausted 
in  about  half  an  hour,  and  required  only  half  of  its  own  volume 
of  water.  Hence,  M.  Baudrimont  supposed  that  greater  pressure 
would  give  even  more  favorable  results.  He  therefore  constructed 
an  apparatus  provided  with  a  forcing  pump,  by  which  a  pressure  of 
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fifteen  or  twenty  atmospheres  could  readily  be  commanded;  The 
pulp  of  the  beet  in  this  apparatus  yielded  about  75  per  cent,  of  its 
juice,  unmixed  with  water;  and  the  remaining  25  per  cent,  came 
away  mixed  with  an  equal  quantity  of  water;  so  that  the  pulp  was 
completely  exhausted  by  a  quantity  of  water  equal  in  volume  ^o 
one- fourth  of  the  juice  it  contained.  In.  these  experiments  a  fact 
was  noticed  by  M.  Baudrimont,  that,  as  the  aqueous  solution  be- 
came less  saccharine,  it  acquired  a  strong,  disagreeable  taste  of  the 
beet.  Subsequently,  experiments  were  tried  by-  M.  Martin,  witli 
still  greater  pressures,  by  means  of  a  hydraulic  press,  worked  ra^ 
pidly  by  a  steam  engine;  the  power  was  so  great,  and  acted  so 
promptly,  that  the  water  acted  simply  as  a  piston,  compressing  the 
pulp,  and  expelling  its  juice  by  pressure  only;  the  pulp  forming 
a  solid  mass  through  which  the  water  could  not  flow,  and  which 
thus  constituted  an  obstruction  not  to*  be  overcome.  These  expe- 
riments prove  that  in  the  action  of  displacement  tubes  under  pres- 
sure, the  solution  flows  faster  in  proportion  to  the  pressure;  that 
one  liquid  cannot  displace  another  entirely  without  mixture,  but 
that  this  mixture,  as  well  as  the  quantity  of  the  displacing  liquid,, 
is  inversely  proportional  to  the  pressure.  To  these  results  there  is 
a  limit,  however,  if  the  pressure  be  too  great,  in  which  base  dis- 
placement becomes  impracticable^  probably  by  virtue  of  capillarity. 
'  M.  Legavrian  has  patentied  a  process  for  displacement,  in  which 
he  substitutes  atmospheric  pressure  by  means  of  a  vacuum  below 
the  pulp,  from  which  it  is  separated  by  means  of  a  diaphragm 
pierced  with  holes,  the  vacuum  being  farmed  either  by  an  air 
pump,  or  by  the  condensation  of  steam. 

From  the  preceding  results,  it  fo^ows  that  displacement^  like  ma- 
ceratiouy  is  attended  with  the  difficulty  of  mixing  the  juice  with 
water,  and  therefore  involves  loss  of  fuel.  It  has  also  the  disad- 
vantages of  not  acting  continuously,  and  consequently  requires 
much. manual  labor.  If  cold  water  be  employed,  the  solution  de- 
fecates readily,  and  yields  good  sugar;  but  hot  Water  would  ex- 
tract the  pectine,  and  thus  deteriorate  the  saccharine  solution. 

9.  By  desiccation.  Besides  the  above  methods  of  pressure  and 
maceration. of  the  fresh  beet,  there  is  one  which  has  bel!n  tried  in 
Bavaria  by  Mr.  Schutzenbacb,  and  which  consists  in  drying  the 
beet,  cut  by  a  machine  with  knives  into  small  parallelopipedS| 
after  which  it  is  pulverized,  and  the  sugar  extracted  by  infusion 
in  water  acidulated  with  sulphuric  acid.  The. drying  is  performed 
by  meaps  of  stoves,  and  the  solution  in  acidulated , water  by  mani,- 
pulations  much  less  effectuaj.  and  neat  than  the  systematic  modes 
of  M.  ^e  Dombasle  and  others  above,  described.  The  sulphuric 
acid  is  supersaturated  with  lime,  and  the  subsequent  openitions  of 
defecation,  filtration,  evaporation,  &c.,  are  then  performed  in  the 
usi^al  manner,  furnishing  sugar  of  goad  quality.  After  drying,  the 
pectine  remains  in  the  insoluble  part  ojf  the  beet,  and  the  sacchsi- 
rine  solution  obtained  is  therefore  easily  defecated. 

Whatever  advantages  this  process  may  possess,  it  is  impossible 
that  it  can  be  attended  with  economy  of  fuel;  on  the  contrary,  by 
the  substitution  of  an  equal  quantity  of  water  for  that  originally 
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contained  in  the  juice,  douhU  the  amount  of  water  has  to  be  evap- 
orated, and  consequently  double  the  necessary  proportion  of  fuel 
^ould  be  consumed.*  ^ 

'  Mr.  Schutzenbach  also  invented  a  process  of  extraction  of  sugar 
from  dried  beets  by  means  of  alcohol;  one  which  seems  to  possess 
nothing  to  recommend  it  to  the  attention  of  planters,  while  it  is 
qot  only  very  costly/ but  also  attended  with  great  danger  of  loss 
of  property  by  fire,  by  reason  of  the  extreme  inflammability  of  the 
solvent  employed. 

.Although  the'  disadvantage  of  waste  of  fuel  constitutes  a  serious 
objection  -to  the  employment  of  the  method  of  desiccation,  yet,  if 
the  slices  of  beet,  dried  on  the'.farms  where  they  are  cultivated,  be 
transported  thence  to  large  establishments  or  refineries  for  the  ex- 
traction and.  refining  of  the  sugar  contained,  it  is  highly  probable 
that,  this  method  may  be  found  profitable  and  perfectly  successful. 
Yet,  according  to  the  researches  of  MM.  Fr^my  and  Boutron, 
dried  slices  of  beet  undergo  a  very  gradual  change  or  fermenta- 
tion, lactic  acid  being  produced  at  the  expense  of  the  sugar;  they^ 
should  therefore  be  subjected  to  the  subsequent  operations  without 
loss  of  time,  since  they  cannot  be  kept  long  without  deterioration. 

10.  The  above-knentioned  constitute  all  the  methods  which  have 
been  tried  on  a  large  scale  for  the  extraction  of  the  saccharine 
matter  contained  in  the  sugar  beet,  and  of  which  I  have  any  know- 
ledge. From  a  view  of  the  whole,  the  following  conclusions  sug- 
gest themselves  as  the  general  facts  established  with  reference  ta 
this  subject:  ', 

It  is  impracticable,  bj  the  mechanical  means  heretofore  em- 
ployed, to  extract  more  than  about  75  per  cent,  of  the  saccharine 
juice  contained  in  the  beet.  From  the  pulp  which  has  beeii  once 
subjected  to  pressure,  about  10  per  cent,  more  of  juice  inay  be  ex- 
pressed  if  it  dq  first  moistened,  or  subjected  to  the  action  of  steam 
in  close  vessels,  the  water  acting  chiefly  by  displacement ^  filling 
the  capillary  interstices  of  the  pulp,  and  displacing  the  juice  there- 
in retained.  No  other  method  hitherto  employed  is  free  from  ob- 
jections x>f  a  serious  nature;  all  of  those  which  employ  maceration, 
whether' with  hot  or  oold  water,  with  fresh  or  dried' beets,  being 
attended  with  waste  of  fuel,  while  one,  that  with  alcohol,  is  even 
liable  to  dangerous  accidents.  He.nce  it  follows  that  the  only  im- 
portant improvement  made  in  the  beet-sugar  industry,  in  the  ex- 
traction  of  the  juice  by  other  means  than  mere  mechanical  pres« 
sure,  is  that  of  steaming  or  moistening  the  pulp.  Of  the  presses 
employed,  the  hydrostatic  and  the  press  Pecqaeur,  the  latter  only 
acts  continuously,^  and  offers  to  the  planter  of  the  cane  nothing* 
from  which  he  can  profit,  inasmuch  as  it  consists  simply  of  a  roller 
or  cylinder  press,  combined  with  a  sort  of  forcing  pump  for  feed- 
ing it  with  rasped  pulp.  ..  * 


*See  Appendixj  note  £. 


{  50  ]  204 

11.  On  the  extraction  of  the  juice  of  the  sugar  cane.  I  A6  nat  in- 
tend here  to  enter  into  a  detailed  description  of  tke  ordinary  sugar' 
mill  with  horizontal  rollers,  so  well  known  to  everj  planter,  nor 
■even  to  gire  a  comparative  view  of  the  methods  practised  in  differ- 
ent countries  at  the  present  time,  or  which  have  at  different  times 
been  used  in  any  one  country;  for  the  rough  methods  formerly  In 
jgeneral  use,  and  still  followed  where  improvements  have  not  been* 
introduced,  furnish  nothing  new  and  instructive  to  the  intelligent 
planter,  familiar  with  the  old  vertical  mills  and  their  imperfec- 
tions. Neither  would  a  discussion  here  of  the  relative  effects  of 
water-power,  steam-power,  and  the  power  of  cattle,  prove  of  any 
value'.  These  are  matters  too  well  understood  to  require  investi- 
gation or  comment.  With  reference,  however,  to  the  horizontal 
roller-mills,  the  following  observations  may  not  be  to  some  with- 
out interest  and  instruction: 

12.  During  the  grinding  season^  when  the  chief  object  of  many 
seems  to  be  rather  to  hurry  througn.  with  the  crop  as  rapidly  as 
possible,  than  to  obtain  the  largest  quantity  of  sugar  of  good  qual- 
ity, the  grinding  of  the  cane  is  often  peformisd  in  a  very  improper, 
and  ineffectual  manner.  Whether  or  not  this,  stricture  applies  as 
well  to  Louisiana  als  to  Cuba  and.  the  other  West  .India  islands^  I 
cannot  speak  from  knowledge;  but  from  all  I  leai^n,  I  presume  it 
does.  A  general  spirit  of  haste  and  hurry  pervades  the  wbole 
force  of  the  plantation,  and  in  consequence  much  is  don^  without 
system.  In  grinding,  to  obtain  the  proper  yield,  the  most  perfect 
system  should  b^  strictly  observed.  The  mill-should  be  not  only 
regulated  to  ^  uniform  speed,  but  should  be  of  slafficieht  power  to 
work  off  the  entire  crop  without  requiring^  the  speed  to  exceed  the 
rate  which  will  permit  the  juice  to  flow  off  readily  before  the  be- 
gassa  is  liberated  from  the  mill,  so  that  this  begassa  may  not  in 
expanding  act  as  a  sponge,  to  absorb^  a  large  proportion  of  the  ex^ 
pressed  juice.  The  importance:  of  grinding  at  low  speed  is  ren- 
dered evident  by  the  following  mean  results  of  numeroiid  experi- 
ments made  by  the  Marquis  de  Ste,  Croix,  a  very  i;itelligent  plan- 
ter 6f  the  island  of  Martinique,  and  which  I  extract  /rom  a  work* 
he  has  written  on  the  manufacture  of  sugar« 

With  the  same  mill,  and  its  rollers  set  in  the  same  way,  the  juice 
obtained  constituted  45  per  cent,  of  the  weight  of  the  canes  ground 
when  the  rollers  made  six  revolutions  in  a  minute^  and  70  per  cent, 
when  the  velocity  was  only  two  and.  a  half  revolutions  per  minute; 
^  difference  of. 26  per  cent. 

As  th^  surface  developed  is  for  an  equal  number  of  revolutions 
proportional  to  the  diameters  of  the  rollers^  M.  de  Ste.  Croix  as- 
sorts that  a  good  result  will  be  obtained  by  rollers  which  develop 
a.  surface  of -four  or  five  yards  in  length  per  minute,  so  that  a  roller 
of  two  feet  diameter  should  make  froin  two  to  two  and  a  half  re- 
volutions per  minute. 

And  if  it  be  objected  that  this  velocity  is  insufficient  to  express 
the  requisite  .amount  of  juice  in  a  given  time,  then  the  length  of 
the  rollers  shonld  be  increased,  and,  if  ne<^essarj,  also  the  power 

*  "Fabricatk>ii  Aotuelle  dn  Suere  aax  CoIodIm:  Paris,  1843." 
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of  the  engine.  It  is  tbe  quantity  of  juice  required  per  hour,  under 
^ircttmstances  the  most  favorable  for  perfect  extraction  thereof, 
which  should  determine  the  power  of  the  engine  to  be  employed. 

If  any  planter  should  have  already  erected  a  mill  with  an  engind*^ 
and'  rollers,  which,  to  grind  bis  crop,  must  be  worked  at  a  speed 
considerably  higher  than  that  which  giVes  a  maximum  yield  of  juice 
for  a  given  weight  of  cane,,  then  he  will  find  it  greatly  to  his  ad- 
vantage and  profit  to  employ  no  greater  velocity  than  is  absolutely 
requisite  for  the  grinding  of  the  crop.  A  large  quantity  of  cane 
imperfectly  ground  may  yield  a  Jarger  and  better  result  than  a 
smaller  quantity  thoroughly  expressed.  And  when  frost  or  other 
disadvantageous  circumstances  require  the  cane  to  be  ground  as 
rapidly  as  possible,  it  may  be  often  impracticable  for  the  planter  to 
grind  it  perfectly.  In  such  case,  he  must,  perhaps,  consent  to  lose 
a  portion  of  the  juice  which  he  otherwise  would  have  obtained* 
but  while  there  is  ncsuch  necessity  for  hasty  and  imperfect  work, 
there  is  no  retison  for  fast  grinding. 

In  Cuba  I  have  seen  the  cane  ground  on  some  estates  far  more 
rapidly  than  seemed  to  be  requisite.  For.  several  hours  tbe  mill 
would  be  run  at  a  high  speed,  and  thejuice  collected  in  large  re- 
servoirs, where  it  would  often  stand  axonsiderable  length  of  time 
before  it  could  be  drawn  off  for  evaporation.  And  when  once  these 
reservoirs  ar«  filled,  the  grinding  ceases  tintil  they  are  emptied, 
when  it  commences  again;  the  negroes  meanwhile  having  been  en- 
gaged in  other  work'  than  that  of  feeding  the  mill,  or  more  fre- 
quently  having  stowed  themselves  about  the  su^ar-hoitse  in  snug 
comers,  and  fallen  soundly  asleep,  heedless  of  noise  or  care.  It  is 
therefore  evident  that  the  same  amottntof  work  might  be  done  on 
such  estates,  or  rather  the  same  quantity  of  cane- ground,  at  less 
velocity  of  the  rdllers.'  Nor  would  it  require  a  larger  force  of  ne- 
groes, or  more  wx>rk  of  those  employed,  for  it  is  self-evident  that 
the  number  of  negroes  required  to  feed  the  mill  is  proportional  to 
the  quantity  of  cane  ground  in  a  given^  time,  or  to'  the  velocity  of 
the  rollers;  and  that,  therefore,  if  this  velocity  h^  diminished,  the 
number  of  negroes  may  be  proportionally  decreased;  and  if  it.be 
deemed  requisite' to  allow  short  intervals  of  rest  to  the  negroes 
even  during  the.  working  hours,  then  it  seems  to  me  that  this  would 
be  systematically  and  far  better  done  by  dividing  the  feeding  gang 
into  watches',  to  relieve  'each  other  from  time  to  time,  the  mill 
meanwhile  grinding  uninterruptedly.  Npr  would  the  ^uice  thus  be 
exposed  to  the  danger  of  fermentation  i)y  long  standing  in  the  re- 
servoirs;.^an  accident  vfrhich  oftein  happens,  and  for  which  the  poor 
negro,  who  is  charged  with  keeping  them  clean,  is  sometimes  most 
unjustly  blamed.  .  ' 

.  Sb  to  regulate  the  quintity  of  juice  expressed  in  a  given  time 
that  it  shall  furnish  the  evaporating  kettles  with  a  continuous  sup- 
ply equivalent  to  the  steam  constantly  passing  off  from  them,  is 
therefore  the  task  which  tbe  stiill.  should  perform;  and  by  the  per- 
formance of  which,  with  the  proper'  velocity  of  the  rollers,  the 
crop  is  made  to  yield  the  largest  ambuiit  of  sugar.  . 
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13.  I  have  heard  it  objected  to  the  more  perfect  expression  .of 
the  juice  contained  in  the  cane,  that  the  begassa  would  thereby  be 
injured  for  use  as  fuel.     On  the  contrary,  by  abstracting  that  juice, 

^\he  begassa  can  be  much  more  readily  and  completely  dried;  for 
the  juice  retained  in  the  spongy  tissue  undergoes  viscous  fermenta- 
tion, and  forms  a  deliquescent  substance.  Th^t  moisture  does  not 
contribute  to  the  value  of  any  combustible  for  the  purposes  of  fuel, 
is  evident  from  the  fact  that  beat  is  lost  in  converting  it  into  steam, 
and  thu*s  driving  it  off  before  combustion  ensues.  Hence  it  follows 
that  to  leave  any  quantity  of  saccharine  juice  in  begassa  involves 
even  a  double  loss — first,  of  the  sugar  therein;  and,,  secondly,  of 
the  fuel  expended  in  converting  a^'portion  of  said  juice  into  ^team. 

14.  Although  it  would  appear  from  the  above  that,  the  cane 
should  yield  70  per  cent,  of  juice,  yet  the  upual  proportion  ob- 
tained probably  does  not  generally  ext^eed  nbout  60  per  cent.  In 
Cuba,  according:  to  M.  Casaseca,*  professor  of  chemistry  in  the 
University  of  Havn^a,  the  different  kinds  of  cane  gave  the  foUow^ 
ing  results: .  ^ 

Ribbon  cane^  ground  by  yater-power,  on  the  Ingenio  Ahsaniria^ 
an  estate  belonging  to  Count  O'Reilly,  yielded: 

Juice  .  •  •  • • •  •  • 45 

Begassa .••••«•••••,. 55 

.  .100 


Creole  cane,,  ground  by  steam-power,  on  the  Ingenio  Econopxicaj 
belonging  to  Don  Pedjro  Diago^  gave:  .         . 

Juice. i>.  .:« ••.•.. .^t...     35 

Begassa  •...••••• ., • •••  •• 65 

" .        .  /    '  -  .100 

Ottrheite  cane,  ground  by  mill   turned  by  oxen,  on  the  Ingenio 
Coca^  belonging  to -Don  Amb^rosio  Romero,  gave; 

Juice ••< ...••  ...^     56 

Begassa ...••,.•••••••••..,.     44. 

,100 

Otaheita  cane^  ground  by  water-power,  on  the  Ingenio  Ilolanda^ 
belonging  to  Don  Lorenzo  Montalvo,yielded: 

Juice  •  • .,« ,.\ 57 

Begassa  .•••••..» '• •  • « •' 43 

^       N  100 


The  juice  obtained  from  these  different  varieties  of  cane  was  of 
different  density,  and  doubtless,  therefore,  the  eanes  varied  much 
in  composition;  but  ail  of  th^e  results  fall  {at  short  of  the  amount 

^Aoa.  do  Chin,  et  de  Pby9.,  t.  ^-j  p.  ^i 
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t)f  juice  contained,  and  which  might  or  should  have  been  expressred. 

15.  I  have  no   authentic   data   from  which  I  can  determine  the 

Jield  usually  obtained  in  Louisiana  or  in  the  British  West  Indies, 
n  Martinique  the  results  probably, correspond  nearly  with  those 
which  M.  Dupuy  has  given  f*or  Guadaloupe,  and  which  I  here  em- 
body, as  perhaps  not^  uninteresting  or  unimportant'to  planters. 


^          Name  of  plantation. 

Jaice, 

Begassa. 

Degree   of 
joice  Beaum^. 

Basse  Terre i . . . , 

68.5 

68.2 

63.5 

58.5 

65.5 

61.5 

61.4 

60.5 

58.0 

64.5 

63.0 

67.0 

61.0 

59.0      • 

60,0 
-  58.0 

63.3 

60.0 

59.0 

68.0 

60.0    I 
.  55.0» 

f67;5 
.57.0* 
^    65.0 
55.0 
58.0 
56,0  ' 
61.6^ 
62.0 
68.0 
60.0 
55i0 
5T.0 
57.5 

31.5 
31.8 
36.5 
41.5 
34.5 
38.5 
38.6 
39.5 
42.0 
35.5 
37.0 
43.0 
39.0 
'      41.0 
40.0 
42.0 
36.7 
40.0 
.41.0 
42.0      . 
40.0   . 
45.0 
42.6 
43.0    . 
45.0 

45.; . 

•/42.O 

44.  a 

^8.5 
38.0 
42.0 
40.0 
45.0 
'  43.0 
42.5 

0 
10.5 

9 
10 
10 
10 

10.6 
10.5 
10.5 
10 

9.5 
10 

10  ' 
10 

.   9.7 
10 

10.5 
9.5 
.9.5, 

LcBildary.., 

Do 4... 

Dol^ ^ 

Mo7enc6art # 

Jabrun , . 

Do 

Do . 

Mayol 

Mahuzid: .\ . . . , 

Boiadebont  .....•.•.,- v  ... 

DesTigne  ..•.•...•••• •.«.,.. 

Ckangf.,... 

LaSaruUe...; 

Carrire , 

Verdjer 

Jabrnn  Baie  Mahanlt 

Viscel 

Honelboarff ' 

Destrelea , 

Giraud ; .i...^.. 

Loogohainp ..,...» «...*.. 

Ard^ne.,,. ;', 

RaUIier ; ,.. 

Sylvain-Montaligre ; 

Sonqaes , ., 

"  Lalanne. ; ,'   .,,,.'..... 

PoQzoIes. ......  t ..  ^ ^ . 

Veruias . , 

Laurillard •. . , ..*..,. 

Kayser 

Lamarcbandi^re  ,< *  •  • *..-.... 

I4let :..........^.;.. 

Leolase  .». ...•» •«.... 

Clanny  ••'.#..'... '. 
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Hence  it  appears  t)iat  in  that  island  the. yield  of  juice  is  abpat 
60  per  cent. 

The  injury  done  to  the  begassa  in  the  mill  by  crushing  the  fibres 
is  slight,  if  the  rollers  be  made  to  move  uniformly  and  with  the 
same  velocityi  And  M.  Dupr^e  states  that  65  or,  66  per  cent,  may 
always  be  readily  extracted  without  any  mechanical  deterioration 
of  the  begassa  as  a  fuel.  , 

16.  To  obtain  a  larger  proportion  of  juice,  M.  P^ligot  has  re- 
commended that  the  begasse  be,  steeped. in  water,  and  pressed  a 
second  time  in  the  mill.  A  w«ak  solution  of  the  juipe  is  thus 
made,  from  which  a  considerable  quantity  of  sugar  may  be  obtained. 
M.  Dupr^e  states  that  he  has  thus  increased  the  yield  20  per  cent., 
without  alteration  of  the  machinery  or  crushing  the  begassa.  To 
evaporate  this  water  requires,  of  course,  additional  consumption  of 
fuel;  which,  where  fu^el  is  scarce,  oonrstitutes  a  serious  objection  to 
M.  P61igot'8  process.  But  where  fuel  is  superabi^ndant,  this  pro- 
cess is  well  worthy  of  the  attention  of  planters:'* 

17.  Another  method  of  increasing  the  yield  of  juice  hajs  been 
proposed  by  M.  Payen^  and  which  may  he  preferable  to, that  of  M. 
Pdligot.  Both,  it  will  be  seen  from  what  has  been  given  above, 
ar«  analogous  to  processes  employed  in  the  beet*sugar  industry, 
aud  may  therefore  be  considered  as  based  upon  experience  as  well 
as  theory.  M.  Payeh  suggests^  that 'the  mill  be  made  of  five  rollers 
instead  of  three;  and  ths^t  betSv,e6n/the  two  top  rollers  there  be 
placed  longitudinally  a  pipe,  pierced  with  numerous  small' orifices, 
to  permit  jets  bf  steam  to  issue,  which  would  be  absorbed  by  the 
begassa,  and,  acting  by  displacement,  allow  the  juice  to  be  ex- 
pressed which  is  'firmly  held  by.  capillary,  forces  in  the  sponey 
tissue  of  the  begassa;  the  steam-pipe  being -supplied  from  the 
boiler  of  the  engine,  and  the  mill  enclosed  in  a  case  of  Sheet  iron 
to  prevent  loss  of  steam.  Besides  furnishing  more  concentrated 
products,  and  therefore  requiring  less  fuel,  this  process  would  be 
attended  with  greater  economy  of  time  and  manultl  labor  than  that 
of  M.  P6ligoi%  The  steeping  in  water  required  by  the  latter  needs 
time,  and  the  Second  grinding  of  the  moistened  begassa  nearly 
doubles  the  .work  of  the  mill  for  the  entire  crop.  Besides,  weak 
aqueous  solutions  t)f  sugar  or  cane  Juice  are  peculiarly  liable  to 
fermentation;  an  accident  from  which  in  JM.  Payen'6.  method  the 
juice  is  protected  by  the  heat  of  the  steam.  . 

18.  I  am  not  aware  that  any  processes  similar  to  those  of  mace- 
ration  in  the  beet-:sugax  industry  baVe  yet  been  attempted  or  re- 
commended for  the  cane.  It  has,  however,  been  suggested,  that  if 
the  canes  be  cut,  by  revolving  knives,  into  .traverse  disks  or  slices, 
these  might  be  exported  to  foreign  countries,  whepe  the  sugar  could 
be  profitably  extracted  and  refined.     The  apparatus  requisite  for  a 


*Sef  note  C,  of  the.Appeniix. 
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plantation  would  consist,  then,  simply  of  one  or  more  such  cutting 
machines,  driven  by  animal  or  water-power,  and. drying  stoves  or 
kUns.  The  consumption  of  fuel  could  not  be  much  less  than  that 
required  by  the  present  system  of  working;  for  inasmuch  as  the 
effect  to  be  produced  in  both  methods  is  the  same,  namely,  the 
evaporation  of  the  moisture  or  water  contained  in  the  cane,  the  fuel 
required  would  vary  only  by  reason  of  a  difference  in  the  economy 

of  the  heat,  as  in  the  two  methods  applied.  ^ 

But  there  is  an  objection  which  has  been  urged  against  this  last 
method,  that  the  slices  of  cane  cannot  be  kept  without  fermenta- 
tion, lactic  acid  being  formed  at  the  expense  of  the  sugar  they  con* 
tain.  M.  Dupuy  examined  a  portion  of  cane,  which,  having  been 
stripped  of  the  external  rind  and  dried,  yielded  about  66  per  cent. 
of  crystallizable  sugar.  Four  months  after,  it  had  become  soft  and 
colored,  and  was  found  tp  contain  only  34  per  cent,  of  sugar.  On 
this  subject  I  have  also  tried  several  experiments,  which  are  given 
in  the  preceding  chapter. 

.Section  II. — On  defecation. 

To  separate  from  the  expressed  juice  foreign  matters  which  are 
combined  chemically  with  it,  and  by  means  which  will  not  injure 
the  sugar  contained,  constitutes  the  first  and  by  far  the  most  impor- 
tant and  difficult  operation  of  the  manufacture  of  sugar.  Upon  this 
operation,  commonly  called  defecation^  every  subsequent  pne  chiefly 
depends.  If  it  be  properly  performed,  the  rest  present  compara- 
tively  little  difficulty;  but  if  errors  be  committed  in  it,  their  con* 
sequences  cannot  be  subsequently  remedied,  and  must  therefore 
affect  the  final  result.  The  impurities  which  are  simply  mixed  with 
the  juice  require  but  little  skill  or  knowledge  for  their  separation, 
sieves  of  copper  wire  and  filters  of  cloth  being  sufficient  for  that 
purpose.  But  to  separate  the  albumen,  pectine,  salts,  &c.,  which 
are  dissolved  in  the  saccharine  juice,  so  as  to  permit  the  latter  to 
be  extracted  in  a  pure  crystalline  form,  is  a  delicate  chemical  prob* 
]em,^^quiring  skill  and  some  knowledge,  both  theoretical  and  prac- 
tical, of  the  nature  and  properties  of  the  various  substances  con- 
tained in  the  juice,  as  well  as  those  employed  as  agents  of  separa- 
tion. 4 

In  this  section  I  propose  to  describe  and  discuss  the  processes  of 
defecation  heretofore  employed  or  attempted  on  a  large  scale. 

1.  Refining  sugar. — Refiners  employ  for  their  raw  material  sugars 
from  which  nearly  all  the  foreign  matters  originally  contained  in 
the  juice  of  the  beet  or  cane  have  been  carefully  removed.  Besides 
molasses  and  the  products  of  fermentation,  there  is,  indeed,  little 
else  mixed,  with  even  the  most  inferior  piusovado  sugars  except  a 
small  quantity  of  pieces  of  dried  cane  or  other  dirt.  And  as  the 
refiners  select  for  their  purposes  sugars  of  a  dry,  gritty,  crystalline 
grain,  as  little  discolored  and  moistened  by  molasses  as  possible,  it 
follows  that  the  proportion  of  foreign  matter  which  they  have  to 
extract  is  comparatively  small. 
U 
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2.  Hence,  in  refining,  the  operation  of  defecation  is  far  less  diffi- 
cult than  in  the  manufacture  of  the  raw  article.  Under  the  old 
method  of  refining  by  means  of  bullock's  blood,  there  is,  indeed, 
nothing  particularly  worthy  of  notice  except  the  action  of  the  lime- 
water  in  which  the  sugar  is  dissoWed;  for  the  operation  of  the  blood 
is  simply  mechanical,  collectipg  together,  in  a  kind  of  net-work, 
all  solid,  swimming  particles,  by  the  coagulation  of  the  serum  or 
albumen,  and  which  may  therefore  be  considered  as  a  sort  of  strain- 
ing or  filtration;  but  the  lime-water,  which  is  by  the  refiners  sup- 
posed to  act  simply  as  a  base  to  aeutralize  acid  in  sugars,  has  quite 
a  different  part  to  play.  In  moist  sugars,  (the  molasses  in  which 
has  undergone  partial  fermentation,  giving  rise  to  the  formation  of 
a  small  quantity  of  alcohol,  which,  by  absorbing  oxygen,  passes 
into  acetic  acid,)  doubtless  the  lime-water  neutralizes  this  slight 
quantity  of  acid.  But  this  lime  acts,  chiefly  on  the  albumen  of  the 
molasses  and  the  sugar,  aiding  in  the  coagulation  of  a  portion  of 
the  albumen,  combining  with  and  rendering  soluble  another  portion 
thereof,  and  uniting  chemically  both  with  the  grape  sugar  {saccharo- 
glucose)  of  the  molasses  and  a  portion  of  this  cane  sugar  itself. 
Although,  after  this  union  with  lime,  sugar  may  perhaps  be  some- 
what'less  injured  byheat,  still  it  cannot  be  doubtedrthat  the  solu- 
ble and  uncrystallizable  compound  thus  fprmed  of  sugar  and  lime 
iuTolves  considerable  loss,  inasmuch  as  the  lime  is  united  in  it  with 
twice  its  weight  of  sugar.  The  lime  also  gives  a  dark  color  to  the 
grape  sugar,  and  we  may  conclude  that,  if  the  subsequent  operation 
of  claying  were  omitted,  sugar  of  a  quality  inferior  even  to  that  of 
the  raw  material  would  be  obtained.  But,  by  means  of  the  combi- 
nation of  a  portion  of  the  sugar  with  the  lime,  the  crystallization 
is  of  looser  and  larger  grain;  thus  favoring  the  removal,  by  dis- 
placement with  water  in  claying,  of  th^  intervening  impure  sirup 
and  other  foreign  matter. 

3.  In  the  modern  process  of  refiniuj?^  great  improvements  have 
taken  place  in  defecation  by  the  use  of  animal  charcoal.  In  1811, 
M.  Figuier,  of  Montpelier,  discovered,  and  in  1812  M.  D6ros;i%  r^e- 
commen^ed,  the  substitution  of  pulverized  bone  or  ivoryblack  as 
a  more  energetic  substance  for  wood  charcoal,  which  (in  1805)  had 
been  Introduced  and  employed,  by  M.  Guillon  to  cjarify  and  de- 
colorize sirups.  The  boneblack  is  added  to  the  hot  solution  of  sugar 
in  quantities  not  exceeding  5  or  10  per  cent,  of  the  sugar.  Coa- 
siderable  effervescence  takes, place  by  the  escape  of  gases  condensed 
in  its  pores,  or  by  the  disengagement  of  carbonic  acid  from  the 
carbonate  of  lime  contained  in  the  boneblack,  the  lime  of  which 
unites  with  and  neutralizes  the  acetic  acid  which  has  been  formed 
by  fermentation  in  the  sugar..  Hence,  with  good  dry  sugars  there 
is  little  qr  no  necessity  for  the  addition  pf  lime.  For  very  moist 
sugars,  however,  a  quantity  of  lime  w^ter  m^y  be  used  advantage- 
ously ,  and  an^  slight  excess  of  hme  will  be  removed  by  the  bone- 
black. 

4.  Muscova^^o  sugars  usually  part  with  their  coloxiag  matter  and 
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mineral  impurities  by  the  use  of  boneblack  far  more  readily  than 
with  a  sort  of  mucilage  or  pectine,  which  they  usually  contain  in 
small  proportion,  and  which  renders  the  decolorized  sirup  opales- 
cent, or  only  imperfectly  clear.  Hence  most  refiners,  by  the  new 
and  improved  methods,  still  continue  to  use  a  small  quantity  of 
biood  to  render  their  sirups  transparent..  To  obviate  this  difficulty^ 
or  the  necessity  of  using  a  substance  so  offensive  as  bullock's  bIood| 
various  articles*  have  been  tried,  such  as  alum,  acetate  of  lead,  &c.; 
the  objection  to  which  has  been  chiefly  that  they  may  leave  in  the 
sugar  soluble  salts,  or  other  foreign  matter.  Such  impurities  are 
readily  detected  by  means  of  chemical  tests. 

5.  In  this  connexion  it  gives  me  pleasure,  as  an  act  of  justice, 
to  bear  testimony  to  th6  purity  of  those  sugars,  refined  by  the  large 
establishments  in  the  United  States,  which  I  have  analyzed,  and 
especially  the  manufactures  of  the  Boston  sugar  refinery,  Woolsey 
&  Woolsey,  R.  &  L.  Stewart,  of  New  York,  J.  S.  Lovering  &  Co., 
of  Philadelphia,  and  Mr.  Richstein,  of  Baltimore. 

I  have  heard  it  charged  that  some  of  these  refineries  employ  alum 
to  impart  beauty  of  crystal  to  their  sugar,  by  being  mixed  there- 
with— ^an  allegation  alike  untrue  and  absurd.  I  have  visited  them 
all,  and  carefully  inspected  the  operations  therein  performed,  (ex- 
cept at  the  refinery  of  Woolsey  &  Woolsey,)  and  I  speak  from  per- 
sonal knowledge,  tlierefore,  in. what  I  hav^  said. 

In  the  refinery  of  J.  S.  Lovering  &  Co.,  a  process  is  employed 
for  clarification  peculiar,  I  believe,  to  that  establishment,  which 
has  been  communicated  to  me  confidentially^  and  whieh  I  consider 
perfectly  unexc'^ption^ble;  neither  alum,  bullock's  blood,  nor  any 
other  objectionable  substance  being  there  used  for  clarification  in 
making  sugar  absolutely  pure  and  of  extreme  whiteness*  and  beauty. 

6.  In  1812,  Mr.  Howard,  the  inventor  of  the  celebrated  vacuum 
pan,  patented. a  method  of  defecation  by  means  of  a  substance 
known  as  Howiard^s  ^ntngj.  I^or  every  hundred  weight  of  sugar 
to  be  refined,  2^  pounds  of  alum  are  dissolved  in  about  24  times  its 
weight  of  water,  and  three  ounces  of  whiting*  s^re  then  added,  stir- 
ring the  mixture  until  it'  ceases  to  effervesce.  When  it  has  sub- 
sided, the  supern'atant  liquor  is  decanted^  and  the  precipitate  is 
well  mixed  with  such  a  proportion  of  cream  of  lime  as  to  cause  it 
barely  to  stain  tumeric  paper  when  wet,  but  whidh  shall  be  re- 
stored to  its  yellow  color,  on  drying.  The  cream  of  lime  i;  pre- 
pared by  slaking  quicklime,  and  making  it  into  a  thin  paste  with 
water,  which  is  boiled  until  the  lime  appears  like  curdled  milk, 
and  then  passed  through  a  fine  sieve.* 

Of  the  value  of  Howard's  finings  I  cannot  speak  positively,  but 
at  present  they  are,  I  believe,  little  Used  by  refiners.  By  the  re- 
action of  the  whiting  (carbonate  of  lime)  upon  the  alum,  sulphate 
of  lime,  alumina,  and  sulphate  of  potash,  are  produced.!  The  latter 
being  soluble  in  water,  would  be  dissolved  in  the  sirup;  hence  the 
necessity  that  the  precipitate  be  well  washed.  If  the  sulphate  of 
potash  be  carefully  removed^  by  washing,  from  the  alumina  and 
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sulphate  of  lime,  the  mixture  of  the  two  latter  might,  I  believe,  be 
advantageoysly  employed  with  fine  bdneblack  for  defecation,  but 
in  small  quantity  only,  and  not  in  such  larg^  proportion  as  recom- 
mended by  Mr.  Howard. 

7.  Alum  alone  has  been  tried  by  some  refiners.  It  is  mixed 
with  the  solution  of  sugar;  and  after  it  is  well  diffused,  lime,  is 
added,  as  usual;  sulphate  of  lime  and  alumina  precipitate,  and  act 
like  coagulated  albumen,  mechanically,  to  clear  the  solution.  But 
sulphate  of  potash  would  remain  in  solution;  and,  if  considerable 
in  quantity,  must  injure  the  sugar. 

8.  Defecation  of  the  juice  of  the  beet.  To  understand  the  theory 
of  the  defecation  of  beet  juice,  a  knowledge  of  its  chemical  cph- 
stitution  is  essential.  This  has  been  made  a  subject  of  investiga- 
tion by  several  distinguished  chemists,  and  may  be  considered, 
therefore,-  as  well  known  as  in  the  present  state  of  chemical 
science  is  readily  practicable.  But  future  progress  in  chemistry 
may,  and  doubtless  will,  cast  new  Irght  upon  this  matter* 

Of  all  the  analyses  which  have  been  made,  I  give  as  perhaps  the 
most  complete  the  following,  made  by  M.  Braconnot:* 
The  Silesian  beet  contains — 

1.  Crystallizable  sugar; 

2.  UncryssalHzable  sugar; 

3.  Albumen; 

4.  Pectine; 

5.  Mucilaginous  matter;  .      ^       . 

6.  Lignin;  * 

7.  Phosphate  of  Magnesia; 

8.  Oxalate  of  potash;  .     * 

9.  Malate  of  potash; 
lOt.  Phosphate  of  lime; 

11.  Oxalate  of  lime; 

12.  A  fatty  acid  of  the  consistence  df  tallow; 

13.  Mattel  analagous  to  wax; 

14.  Chloride  of  potassium; 

15.  Sulphate  of  potash; 

16.  Nitrate  of  potash; 

17.  Oxide  of  iron; 

18.  Nitrogenous  matter,  soluble  in  water;  .        ^ 

19.  An  unknown  odorous  and  acrid  substance; 

20.  An  undetermined  salt  of  ammonia,  ia  small  quantity- 

21.  Pectie  acid. 

9.  The  crystallizable  sugar  usually  constitutes  about  five  to  ten 

f>er  cent.     It  gradually  increases  as  the  beet  advances;  but  if  al- 
owed  to  run  to  seed,  no  sugar  will  be  found  in  the  juice.     In  such 
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a  beet,  M.  P^ligot  could  not  detect  eyen  a  trace  of  sugar;  in  beet 
leaves  he  found,  but  a  very  small  quantity. 

"  10.  The  existence  of  uncrystallizable  sugar  already  formed  in 
beets  is  a  disputed  point;  ^hile,  as  by  the  above  analysis,  M.  Bra* 
connot  admits  it,  Messrs.  F^lou^e  and  F^Iigot,  chemists  of  equal 
rank,  wexe, unable  to  extract  it  by  alcohol.  Certainly,  therefore, 
it  exists,  if  at  ali,  only  in  such  propprtion  as  ta  be  practically  in- 
appreciable. 

• 

11.  The  albumen  contained  in  the  beets  appears  to  be  in  the  fluid 
state,  and  is  expressed  with  its  juico.  As  it  is  thus  in  the  soluble 
form,  it  also' is  extracted  by  the  .processes  of  ma'ceration.  Accord- 
ing to  M.  Braconuot,  the  presence  of  a  free  acid  in  the  juice  pre- 
vents this  albumen  frontfbeing  coagulated  by  heat  alone.  Hence 
the  employment  of  lime,  by  neutralizing  that  acid,  coagulates  it. 
It  is  also  coagulated  by  sulphuric  and  other  acids,  as  well  as  by 
certain  salts,  such  as  acetate  of  lead,  sulphate  of  zinc,  &c.  By  in- 
cineration, M.  Braconnot  found  that  the  albumen  yielded  carbo- 
nate and  phosphate  of  liipe.  In  what  manner  or  form  the  lime  of 
this  carbonate  of  lime  exists  in  combination  with  the  albumen,  it 
is  difficult  to  imagine,  and  the  subject  requires  further  investiga- 
tion. '^ 

12.  The  pectinej  according  to  M.  Braconnot,  remains  in  the  pulp 
^ken  submitted  to  pressure,  and  is  liot  found  in  the  expressed 
juice.  Cold  water  dissolves  the  si)gar,  the  albumen,  and  the  solu- 
ble sdlts,  but  leaves  the  pectine,  which  may  then  be  extracted  from 
the  lignin  (woody  fibre)  by  hot  \^ater,  and  forms  a  viscid  solution. 
Neither  acids,  the  si^lts  of  lime,  nor  tannin,  produce  any  apparent 
effect  upon  this  solution,  but  slacked  lime  causes  it  to  coagulate. 

13.  The  mucilaginous  matter  which  M.  Bracdnnot  gives  as  a 
constituent  of  beets,  analagous  to  gum,  is  perhaps  a  modification  of 
pectine.  So,  likewise,  the  poetic  acid  which  he  obtained  is  sup- 
posed by  other  chemists  not  to  be  contained  in  the  beet,  but  to  re- 
sult from  a  species  of  fermeiitation  of  the  pectine. 

14.  The  lignin^  or  woody  fibre,,  though  contained  in  all,  yet  va- 
ries with  the  age  of  beets,  being  greater  for  those  which  are  very 
young  or  very  old.  It  contains  oxalate  of  lime  and  the,  phosphate 
of  lime  and  magnesia;  the  latter  is  soluble  in  acids,  from  which  it 
is  separated,  ty  bases^  The  expressed  juice  also  contains  phosphate 
of  magnesia,  together  with  all  the  soluble  salts  above  mentioned. 
The  fatty  acid^  of  the  cousistence  of  tallow,  appears,  according  to 
the  analysis  of  M.  Dubrunfaut,  to  be  composed  of  a  fixed  oil  and  a( 
«olid  fat.  , 

15.  Besides  the  above-mentioned  substances  which  are  contained 
in  the  white  beet  of  Silesia,  there  are  ip  red  and  yellow  beets  cch 
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loriiig  matters  which  impart  to  them  their  respective  colors^. which 
colors  are  easily  removed  by  boneblack. 

As  results  of  chemical  change  or  fermentation,  beet  juice  itaay 
also  contain  uncrystallizable  sugar^  a  brown  coloring  matter^  ani)  a 
viscid  substance  which  is  insoluble  in, water.  The  nature  of  the 
soil  in  which  they  are  planted  also  change?  greatly  the  composi- 
tion of  beets,  and  especially  of  the  salts,  both  in  their  kind  and 
proportioa.  ^ 

16.-  The  following  resujts,  obtained  by  M.  P61igot,  will  enable 
the  reader  to  form  an  idea  of  theVelBtive  proportions  of  the  con- 
stituent substances  contained  in  beets  of  different  ages: 


Description  of  beet. 

1 

.S 

'Per  cent,  of  constituents. 

I 

i 
1 

^ 

2 

From  the  botanical  school,  Aug.  2. . 

Do do Sept.  7. . 

Do do Sept.*  26 . 

Verv  Toancr. ........•.•• •'••• 

20  to    25 

800  to  900 

80  to  100 

0.285 

200 

90.5 

90.0 

.84.9 

86.3 

•   83.5 

.  94.5 

93.6 

5.0 
7.3 
10.0 
5.9 
9.8 
0.0 

0.8 
1.8 
3.4 
3,4 
1.1 

1.9 
2.3 
4.4 
3.3 
2.5 

3.6 

1.9 
1.5 

In  flower ~. 

In  seed .  seoond  vear . ■.■.••...•.... 

Beet  leaves 

1.3 

17.  As  the  eompositioii  of  the  beet  varies  with  age  and  soil,  so 
also  does  it  vary  with  drought  or  wetiiess  of  season.  M.  de  Dom- 
basle  has  observed  that  the  density  of  the  juice -increases  in  dry 
weather,  and  decfeaseswhen  the  ground  is  saturated  by  rain.  This 
variation  of  density  amounts  to  from  one  to  two  degrees  Beaum^: 
it  is  greatest  in  sandy  and  least  in  clayey  soil;  the  latter  retaining 
moisture  longer  and  absorbing  it  Jess  rapidly  th^n  the  former. 

The  preceding  facts  will  be  sufficieat  to  permit  us  to  form  correct 
ideas  of  the  chemical  reactions  which  are  concerned  in  the  process 
of  defecation.  We  should  bear  in  mind  th,at  besides  water  and 
sugar,  the  principal  constituents  of  the  beet  are  pec^ine,  albumen, 
and  woody  fibre,  while  the  saline  and  other  impurities  exist  in  com- 
parativeFy  small  quantities.-  Herice  we  may  disregard  the  latter, 
except  in  so  far  as  they  exert  an  influence  upon  the  former  by 
modifying  the  chemical  phenomena.  Thus,  for  instance,  it  ap* 
pears,  as  above  mentioned,  that  the  albumen  in  beet  juice  canhot 
oe  coagulated  by  heat  alone,  in  consequence,  perhaps,  of  a  free 
acid. 

We  should  also  take  into  consideration  the  effects  produced  by 
the  different  methods  employed  for  extracting  the  juice.  When 
the  process  of  rasping  and  pressing  has  been  employed,  the  ex- 
pressed juice  will  contain  sugar,  albumen,  and  the  soluble  salts^ 
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tho9e  of  potash  and  ammonia,  tofrether  with  the  nitrogenous  sub- 
stance No.  18;  while'the' pUllp  will  consist  of  woody  fire,  retained 
juice,  the  insoloble  salts,  and  the  greater  part  of  the  pectine. 
Owing,  however,  probably  to  mechanical  causes,  a  small  portion  of 
the  .pectine  Escapes  with  the  juice.  When  maceration  in  cold 
water  is  usedj  the  saccharine  solution  will  contain  the  same  impu- 
rities, with  ihe  exdeptionof  pectine.  '  Maceration  in  hot  water  ex- 
tracts most  of  the  -pectine  and  all. the  substances  soluble  in  cold 
water,  except  part  o'f  the  albumen;  the  pulp  retaining  the  insolu- 
ble substances  and  the  rest  of  the  albumen  and  pectine.  • 

18.  Two  methods  of  defacation  have  generally  been  followed  in 
the  beet  sugar  industry;  in  one  of  which,  the  older,  both  sulphuric 
acid  and  lime  are  used;  in  the  other,  lime  alone  is  employed.  The 
latter  seems  to  be  muc^h  the  preferable  method. 

When  sulphuric  acid  is  iwed,  1  part  by  weight  thereof,  at  the 
usual  strength  of  66^  3eaum6,  is  diluted  with  8  parts  of  water,  and 
added  to  2,000  parts  of  expressed  juice,  in  wopJen  tanks  holding 
each  about  175  gallons,  and  lined  with  lead,  and  into  which  the 
juice  flows  by -troughs  from,  the  press.  In  these  tanks  the  juice  is 
often  allowed  to  stand  a.  considerable  time;  and  from  them  it  is  re- 
moved to  the  defecators,  vessels  of  about  the  same  capacity  of  175 
gallons,  with  double  bottoms,  that  they  may  be  heated  by  steam; 
for  a  more  particular  description  of'which,  see  plate  1,  figure  7. 
In  defecators,  lime  is  added  usually  in  the  proportion  of  about  1.25 
of  the  weight  of  sulphuric  acid,  and  Which  has  been  slacked  and 
mixed  with  water  into  a  cream  of  Hme.  Heat  being  applied,  the 
liquor  is  well  stirred;  and  when  it  has  attained  the  temperature  of 
about  100^  Fahrenheit,  one  or  two  gallons  of  bullock's  blood  or 
skimmed  milk  are  poured  in>  As  soon  as  it  commences  to  boil,''or 
at  2lS°  Fahrenfheit,  the  heat  is  checked  entirely.  The  scuta  is  re- 
moved from  the  surface,  and  subjected  to  pressure  to  extract  the 
juice  it  may  have  absorbed;  arid  the  defecated  liquor  is  allowed  to 
repose  for  a  few  rainutts,  that  it  mAy  becomie. clear. 

19.  In  the  method  of  defecation  by  lime. alone,  this  agent  is  em- 
ployed ip  proportions  from  2  to  12  thousandths" of  the  weight  of 
the  juice,  according  to  it^  nature,  which  varies,  as  above  described, 
with  the  kind  of  beet,  the  soil,  the  'wetness  or  dryness  of  season, 
&c.  The  quantity  of  lime  to  he  used  is  ascertained  by  trial  or  by 
experiment,  though  very  roughly.  The  juice  flows  from  the  press 
into  defecators  similar,  both  in  size  and  form,  to  those  described 
above;  and  when  it  is, heated  to  about  140**  Fahrenheit,  the  lime  is 
added,  mixed  with  water  into  a  paste.  The  mixture  is  stirred 
thoroughly  for  a  few  moments,  and  then  permitted  to  remain  un- 
disturbed until  the  first  appearance  of  ebullition,  when  the  heat  is 
shut  ofi*,  the  scum  removed,  to  be  pressed,  and  the  liquor  left  to  re- 
pose, that  solid  particles  may  separate  as  scum  or  by  precipitation. 

20.  The  action  of  lime  on  beet  juice  is  somewhat  complicated. 
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1st,  it  coagulates  a  portion  of  the  albumen;  2d,  it  unites  with  and 
renders  soluble  another  portion  thereof;  Sdj'it  converts  the  pec- 
tine  into  pectic  acid,  with  which  it  combines;.  4th,  it  decomposes 
some  of  the  soluble  salts;  5th,  it  forms  with  sugar  a  soluble  che- 
mical compound,  saccharate  of  lime;  6th,  it  saturates^any  free  acid 
which  may  exist.  Hence  it.  is  not  at  all  surprising,  thatgreat  diffi- 
culties attended  the  use  of  Hme  in  the  earlier  attempts,  and  that 
Achard,  of  Berlin,  to  whom  the  beet  sugar  industry  owes  its 
origin,  should  have  even  preferred  sulphuric  acid  as  a  defecating- 
ageni.  '  '  • 

Sulphuric  acid  coagulates  the  albumen  contained  in  the  beet  juice 
very  promptly;  but  if  its  action  be  continued,  it  converts  the  cane 
sugar  into  left  polarizing  sugar,  which  cannot  be  crystallized. 
This  effect  takes  place  very  quickly  when  aided  by  heat;  and  if 
the  acid  remain  unsaturated,  it  may,  in  evaporation,  ^ven  carbonize 
a  portion  of  the  sugar.  . 

21.  Thus  neither  sulphuric  acid  nor  lime  can  be  used  alx)ne,  in 
excess^  without  iBJiiry.  The  first  attempts  at  making  beet  sugar 
were^  therefore,  attended  with  but  little  success;  a  dirty  black  mass 
being  often  produced,  instead  of  good  crystalline  sugar.  Subse- 
quently, the  use  of  sulphuric  acid,  followed  by  the  addition  of  lime, 
as  above  .described,  enabled  the  beet  sugar  makers  to  produce  a 
much  better  article  and  with  greater  certainly;  but  this  method, 
which  has  since  been  to  a  great  extent  abandoned  in*  consequence 
of  the  introduction  of  boneblack,  was  attended  with  the  disadvan* 
tage  of  requiring  very  great  skill-  to  neutralize  the  acid  without 
leaving  an  excess  either  of  acid  or  of  lime  to  produce  injury.  Be- 
sides, the  acid  could  not  often  be  neutralized  before  it  had  convert- 
ed a  considerable  portion  ^f  crystalllzable  into  uncrystallizable 
sugar.  '    .     •    ' 

22.  Since  bbneblack  has  been  employed  for  filtration  and  decol- 
orization,  slight  excess  of  lime  m  defecation  has  been  attended 
with  no  injury;  and,  consequently^  lime  alone  hds  been  used,  ac- 
cording to  the  method  a)>ove  described.  The  manner  in  which  the 
boneblack  acts  thus  as  a.  remedy  for  ^n  over-dose  of  lime  depends 
upon  the  presence  of  a  small  portion  of  carbonate  of  ammonia, 
which  is  decomposied  by  the  lime  forming  carbonate  of  lime  and 
setting  the  ammonia  free.  This  ammonia  is  subsequently  volatilized 
and  driven  off  by  the  heat  in  the  process  of  evaporating  the  juice; 
but,  to  render  the  use  of  boneblack  sufficiently  economical,  the  lime 
thus  acted  upon  by  the  carbonate  of  ammonia  must  be  in  small 
quiaintity — a  condition  of  great  importance,  and. which  requires  that 
it  be  used  very  nearly  in,  the  exact  proportion  necessary  to  coagu- 
late the  albumen  and  separate  the  other  substances  with  which  the 
lime  forms  insoluble  compounds,  without  leaving  any  considerable 
residue  to'  dissolve  albumen  and  unite  with  sugar,  to  constitute 
soluble  saccharate  of.  lime.  In  short,  the  quantity  of  lime  must  be 
either  exactly  that  of  perfect  defecation,  or  Yery  little. in  excess — 
a  nice  point,  to  attain  which  requires  some  skill  and  care. 
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S3.  By  some  manufacturers  the  linre  is  added  by  weight;  by 
others  it  is  mixed  with  water  into  a  paste,  of  such  consistence  as 
to  indicate  about  14^  Beaum6,  and  then  used  by  volume  or  measure. 
It  is  not  very  convenient  or  easy  to  weigh  each  time  exactly,  and 
ill  small  quantities,  the  lime  required,  without  balances  and  wei'ghts 
of  better  construction  than  those  commonly  employed  in  the  arts. 
Hence  it  has  been  generally  preferred  to  mix  it  into  a  paste  with 
vater,  and  in  large  quantity,  so  as  to  have  on  hand  a  considerable 
supply  of  uniform  quality.  When  the  lime  contains  silex — as  most. 
lime  ddes  which  is  .manufactured  from  ordinary  limestone-^the 
method  of  using  it  in  the  form  of  paste  has  the  further  advantage 
of  being  freed  somewhat  from  the  silex,  which  precipitates.  As 
neither  the  appe*arance  nor  the  density  of  the  juice  furnishes  an 
indication  of  the  quantity  of  lime  to  be  employed  for  defecation, 
ex[)eriments  pn  a  small  scale  must  be  made.  The  following  method 
of  performing  these  experiments,  suggested  by  M.  Payen,*  seems 
to  me  to  be  attended  with  simplicity,  convenience,  and,  what  is  of 
great  consequence,  despatch:  prepare,  by  weighing  befforehand  (in 
a  small  pair  of  scales,  such  as  are  used  for  medicines,)  six  doses  of 
slacked  lime,  of  one  gramme  (15  grains)  each;  or,  which  is  better, 
six  equal  measures  of  paste  of  slacked  lime,  marking  13.^  or  14^ 
Beiiuni^,  and  containing  on£  gramme  each.  Then  heat  in  any  con* 
venient  vessel  one  litre,  or  any  other  definite  measure — for  instance, 
one  quart — of  beet  juice;  and,  when  it  has  reached  the  temperature 
of  125®  to  150®  Fahrenheit,  add  one  dose  of  the  lime,  mixed  with 
water;  and  as  soon  as  it  commences  to  boil,  take  out  a  spocAiful  of 
the  liquid  and  pour  it  into  a  paper  filter,  placed  in  a  funnel.  Add 
then  a  second  dose;  put  the  juice  again  on  the  fire,  and  when  it 
begins  to  boil  take  another  spoonful,  which  filter  as  the  first.  Con- 
tinue this  operation  until  the  whole  six  doses  have  been  added. 

The  liquid  filtered  from  each  spoonful  is  ciiught  in  a  glass  tube, 
and  the  six  tubes  permit  the  results  to  be  compared  very  accurately 
by  looking  through  them  lengthwise.  The  first  tub)B,  which  shows 
a  clear  amber-colored  liquid,  indicates  the  proportion  of  lime  to  be 
used;  for  although  the  following  tubes  contain  clear  liquids,  equally 
or  even  more  colorless,  the  excess  of  lime  in  them  will  be  injurious. 

It  IS  important  that  the  lime  used  in  defecation  should  be  as  mi- 
nutely divided  as  possible;  To  this  end  it  should  be  carefully  se- 
lected, if  practicable,  of  the  best  quality;  and  not  only  slacked  in 
considerable  quantities,  but  thoroughly  mixed  into  a  smooth  paste 
by  stirring  it  gently  for  some  time.  By  allowing  it  to  subside,  and 
then  removing  the  clear  water  from  it  by  decantatidn,'it  will  be 
improved,  if  it  contain  potash  or  any  other  soluble  salt;  and  this 
washing  may  even  be  repeated  several  times  with  advantage. 

Though  the  experiments  upon  a  small  scale,  arbove  described,  are 
very  useful  to  determine  approyimatively  the  dose  of  lime  to  be 
used  in  defecation,  they  yet  require  to  be  checked  by  the  results* 
of  working  on  the  large  scale.    Nor  will  they^  answer  for  an  entire 
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crop,  but  must  be  from  week  to  week  repeated,  if  the  manufacturer 
has  reason  to  suppose  that  the  juice  yaries,  by  reason  of  any  difEe-* 
rence  of  circumstances  in  the  culture  or  growth  of  the  beets. 

24.  It  is  therefore  important  that  the  characteristic  indications 
of  a  good  defe,cation  should  be  practically  -  and  familiarly  knowp. 
They  are — ^*  Ist,  an  escape  of  ammonia,  yery  sensible  near  the  sur- 
face; 2d,  a  distinct  separation  of  flakes,  swimming  in  clear  juice, 
and  easily  seen  in  a  silver  spoon;  3d,  an  iridescent  or  rainbow- 
colored  pellicle,  which  forms  when,  the  breath  is  blown  upon  the 
liquor;  4th,  a  moist  greenish  scum,  forming  thicker  and  thicker  on 
the  surface,  and  then  becoming  of  the  consistence  of  curds  of  milk 
or  fresh  cheese;  6th,  crevices  taking  place  in  the  thickness  of  the 
scum;  6th,  the  first  irruption  of  juice,  through  one  of  the  crevices, 
indicating  the  commencement  of  ebullition. ''*  . 

25.  Hence  it  appears  that  defecation  consists  in  a  proper  coagu- 
lation of  the  albumen,  and  consequent  separation  of  the  insoluble 
matters,  as  in  the  operation  of  clarifying  with  bullock's  blood  ia 
refining;  and  that  the  heat  must  be  checked  at  the  instant  of  ebul- 
lition, to  prevent  the  impurities  collected  by  the  coagulated  albu- 
men, as  a  net-work,  being  disturbed  and  mixed  again  with  the  juice. 

When  an  excess  of  lime  has  been  used,  the  above  described  in- 
dications all  appear;  but  the  clear  juice  retains  a  disagreeable  taste, 
which  is  only  partially  remove^l  by  filtration  through  3  or  4  per 
cent,  of  boneblack  in  grains.  But  if  lime  be  employed  in  great 
excess,  the  scum  is  soft  and  pasty.  Some  manufacturers  put  a  por- 
tion of  the  clear  juice  into  a  glass,  and  blow  their  breath  through 
it  with  astrSTw  or  tube;  it  then  losses  its  limpidity  and  becomes 
turbid,  if  it  contain  an  excess  of  lime,  by  forming  carbonate  of 
lime  with  the  carbonic  acid  of  the  breath.  The  albumen,  which  is 
coagulated  by  lime  in  proper  proportion,  is  dissolved  gradually  as 
the  excess  of  lime  becomes  greater.  The  scum,  therefore,  which 
should  be  firm,  coherent,  and  dark  colored,  even  almost  black 
sometimes,  and  which  should  crack  so  as  to  allow  the  clear  juice 
to  be  seen,  becomes  soft  and  of  a  yellowish  color  when  much 
lime  is  used. 

The  preceding  description  and  discussion  of  the  process  of  de* 
fecation  of  beet  juice  extracted  by  the  usual  method  of  rasping  and 
pressure,  is  equally  applicable  to  the  same  operation  as  performed 
upon  the  solntion  of  that  juice  obtained  by  the  process  of  macera- 
tion in  cold  water,  and  which  solution  Js,  chemically,  similar  io 
the  expressed  juice.  But  when  the  process  of  maceration  in  hot 
water  is  employed,  a  solution  is  formed  which  contains,  as  already 
stated,  a  small. proportion  of* albumen,  but  a  lar^e  quantity  of  pec* 
tine;  defecation;  then  becomes  extremely  difficult,  for  the  feculen- 
cies  are  soft,  siod  do  not  collect  readily  into  a  scum.  They  of 
course  consist  chiefly  of  pectate  of  lime,  with  a  small  and  insuffi- 
cient quantity  of  coagulated  albumen.     Owing  to  ihis  trouble,  and 
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also  to  the  disadvantage  that  warm  aqueous  solutions  of  beet  juice 
are  very  apt  to  ferment,  maceration  in  hot  water  has  been  gene* 
rally  abandoned  by  those  who  have  attempted  it;  and  consequently 
the  knowledge  of  the  chemical  phenomena  which  occur  in  the  de- 
fecation of  such  solutions  is  very  limited  and  unsatisfactory. 

26^.  Attempts  have  been  made  to  substitute  other  substances  for 
the  lime  and  sulphuric  acid  used  in  the  defecation, of  beet  juice.  Of 
these,  sulphate  of  Ifme  (plaster-of-Paris)  has  been  strongly  recom- 
mended by  M.  Braconnot,'but  it  has  not  been  sufficiently  tried  on  a 
large  scale  to  permit  a  just  ^opinion  to  be  formed  of  its  value  for 
such  a  purpose.  Sulphate  of  zinc  defecates  readily,  but  its  use 
is  attended  with  great  danger,  being  poisonous  in  large  and  an  emetic 
in  small  quantity.  So  also  sugar  .of  lead  defecates  well,  but  is  a 
violent  poison.  Such  substances,  therefore,  cannot  be  used  with 
any  propriety.  Common  alum  seems,  however,  to  have  given  fa- 
vorable results  if  employed  in  small  quantity,  and  in  connexion 
with  lime.  "  ^ 

27.  Very  lately,  much  has  been  said  in  France  of  a  process  fol- 
lowed by  M.  Bouch6,  by  which  he  has  been  enabled  to  make  white 
sugar  equal  to  refined  direqtly  from  beet  juice.  Part  of  this  pro- 
cess is  defecation  with  alum  and  lime,  which  is  thought  to  be  a 
great  improvement;  for,  by  diminishing  the  quantity  of  lime  used^ 
it  prevents  the  injurious  effects  and  the  disagreeable  taste  caused 
by  the  lime.  M.  fiouch^  employs  a  solution  of  alum,  in  the  pro- 
portion of  one  and  a  half  grammes  (22.5  grains)  of  alum  to  each 
litre  (1.75  pint),  of  beet  juice.  He  pours  it  into  the  boiler  as  soon 
as  the  juice  has  attained  a  temperature  of  100°  or  105°  Fahrenheit, 
stirs  thoroughly  and  briskly^  .and  continues  to  heat  the  liquor'^until 
it  reaches  the  temperature  of  175^  or  180  Fahrenheit.  A  small 
quantity  of  cream  of  lime,  is  then  added,  and  the  mixture  well 
stirred.  When  ebullition  commences,  the  firie  is  checked;  and  after 
a  repose  of  five  minutes,  a  dense,  firm  scum  is  removed. 

28.  The  mode  of  extracting  the  juice. absorbed  by  and  retnoved 
with  the  scum  in  skiuimiug  the  defecators  is  to  submit' it  to  pres*. 
sure  in  a  lever  press,  (see  plate  1,  fig.  6;)  which  is  not  only  the 
simplest  kind  of  press  which  could  be  made,  but'  also  the  most 
convenient,  as  it  acts  constantly  and  does  its  work  without  requir- 
ing any  attention  after  supplying  it  with  material.  The  juice  thus 
saved  is  mixed  \rith  the  rest  of  the  defecated  liquor. 

If  by  the  above  described  operation,  called  by  the  beet-sugar 
makers  defecatianj  the  end  designed  were  perfectly  attained,,  to  wit, 
the  complete  separation  from  beet  juice. of  all  impurities  or  fecu- 
lencies,  then  nothing  would  remain  to  be.  done  to  obtain  the  sugar 
properly  but  to  filter,  decolorize,  and  evaporate  the  juice.' 

So  obstinately,  however,  does  beet  jiiice  retain  or  combine  with 
its  impurities,  that  even  after  defecation  it  is  still  requisite  to  sep- 
arate much  from  it.  To  do  this  a  further  operation  is  usually  per-^ 
formed,  which  has  reeeived  the  name  of  clariJUaiion. 
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Although  defecation  and  clarification  have  hut  a  single  object| 
to.  separate  the  impurities  combined  with  beet  juice^  and  therefore 
constitute  and  may  be  considered  one  operation ,  if  we  regard  only 
the  chemical  effect  produced;  still,  as  they  are  performed  separately, 
and  upon  the  same  juice  at  different  times  and  degrees  of  density^ 
clarification  even  being  preceeded  in  the  order  of  the  manipulations 
by  filtrations  and  partial  evaporation,  they  are  usually  treated  of 
in  works  on  the  manufacture  of  beet  sugar  as  entirely  distinct  ope- 
rations. Chemically  they  are  one,  though  mechanically  ,two.  In 
the  art  of  refining  sugar,  they  are  usually  confused  together  under 
the  sinc^le  name  of  clarification.  In  the  manufacture  of  cane  sug^r, 
•defecation  only  is  practised.  Hence  I  have  seen  fit  tb  comprise 
these  two  operations  under  one  head  or  division  of  the  general 
subjeict  of  the  sugar  industry. 

Great  diversity  of  practice  exists,  among  beet*sugar  makers  with 
reference  to  the  operations  succeeding  that  of  defecation.  Filtra; 
tion,  for  instance,  is  generally  performed  two  or  three  successive 
^ii&es;  a  few,  however,  do  it  but  once.  Some  filter  immediately 
after  defecation;  others. at  10^,  15^,  or  27®  Beaum6.  Some  use  fil- 
ters of  cotton  cloth;  others  filters  of  coarsely  divided  boneblack; 
the  most  general  order  or  routine  of  operations  being  defecation, 
filtration,  evaporation  to  16^  Beaum6;  2d  filtration,  evaporation  to 
27^  Beaum6,  clarification;  3d  filtration,  concentration;  by  which  it 
a^ppears  that  if  "we  would  classify  the*  opetrations,  and  treat  of  those 
together  which  are  similar,  we  must  violate  somewhat  the  order  in 
which  they  usually  succeed  each  other  in  performance. 

29.  Clarification. — However  perfectly  the  defecation  may  be  per- 
formed and  however  limpid  the  filtered  juice  may  become,  it  still 
contains  dissolved  compounds  of  lime,  which  separate  as  insoluble 
matter  during  the  evaporation  by  heat  to  which  the  juice  has  to  be 
subjected.  We  cannot  account  for  this' by  supjposing  the  precipi- 
tated c-dtter  to  have  been  simply  held  in  solution  bylhe  evapora- 
ted water,  for  it  is  not  dijssolved  again  by  restoring  the  water.  Nor 
is  the  hypothesis  satisfactory  which  has  been  suggested,  that  in 
evaporation  new  combinations  take  place,  which  become  insoluble 
by  the  force  of  cohesion.  Obscure  as  the  chemical  theory  of  this 
separation  may  be,  the  fact  is  nevertheless  unquestionable.  In 
consequence  of  it,  the  concentrated  juice  is  mixed  with  fine  insolu- 
ble particles,,  which  must  be  removed  either  by  filti^tion  or  clarifi- 
catijon;  for  they  would  require  a  long  time  to  subside  if  left  sim- 
ply to  repose. 

30.  The  operation. of  clarification  is  performed  usually  as  fol- 
lows: bullock's  blood,  in  quantity  equal  to  about  one  half  of  one 
per  cent,  of  the  concentrated  sirup  by  measure;  is  thoroughly 
stirred  into  the  sirup, .which  weighs  27^  or  32^  Beaum^,  so  as  to 
diffuse  the  albumen  of  the  blood  uniformly  through  the  whole; 
from  one  to  two  kilogrammes  per  hectolitre  of  sirup  (one  to  two 
pounds  for  ten  gallons)  of  fine  animal  charcoal  are  then  added; 
and  heat  being  applied,  the  mixture  is  stirred  until  it  attains  the 
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temperature  of  130?  to  140®  Fahr.;  the  stirring  then  ceases.  If 
the  heat  is  properly  managed,  the- albumen  soon  coagulates  and 
rises  to  the  top  is  a  scum,  bringing  with  it  the  boneblack.  When 
ebullition  commences,  the  beat  is  checked.  The  liquor  will  be 
perfectly  clear  if  neither  alkaline  nor  acid.  If  lime  has  been  used 
in  excess,  it  will  be  alkaline;  and  if  fermentation  has  takcfn  place, 
it  may  be  acid.  In  either  of  these  events,  albumen  will  remain  in 
solution,  and  will  render  the  sirup  impure.  An  acid  liquor  should 
never  be  clarified  without  first  neutralizing  the  acid  with  lime;  and 
therefore  the  sirup  should  always  be  tested  beforehand  with  litmus 
paper,  to  ascertain  whether  it  be  perfectly  neutral.  The  albumen 
which  is  dissolved  by  an  alkaline  sirup  separates  as  a  scum  in  the 
subsequent  concentration  and  granulation. 

After  the  introduction  of  Dumoat's  filters,  and  the  use  of  coarse 
granular  boneblack  as  an'  agent  not  only  of  filtration,  but  also  of 
decolonisation  and  purification,  most  of  the  manufacturers  of  beet 
sugar  abandoned  the  process  of  clarification.  But  many  have  re- 
sumed it;  for  the  reason  that,  when  sirups  refuse  to  granulate,  fine 
boneblack  causes  them  to  do  so.  Coarse  boneblack  would  produce 
the  same  effect,  but  it,  must  be  used  in  great  quantity;  while  a  very 
small  quantity  of  fine  boneblack  answers  the  purpose,  the  reason  of 
which  is  not  understood.  Besides,  the  fine  boneblack  (being  sup- 
plied by  sifting  the  coarse  in  revivifics^tipn)  would  he  a  refuse  ar- 
ticle, unless  used  for  clarification;  and  its  employment  is  therefore 
economical.  '^ 

Some  manufacturers  of  beet  sugar  employ  milk  instead  of  blood 
for  clarification.  But  as  heat  alone,  does  not  cause  milk  to  coagu* 
late,  the  sirup  must  either  be  rendered  alkaline  by  lime,  or  slightly 
acid  by  dilute  sulphuric  s^cid,,  to  obtain  a  proper  clarification; 
neither  of  which  agents  can  be  employed  without  injury  to  the 
sugar. 

31.  Defecation. of  cane  juice.  While  the  beet^sugar  industry  has 
had  great  diiGcultics  to  contend  with  in  the  very  impulse  nature  of 
the  juice  employed,  it  yet  has  received  in  France  every  facility  and 
advantage  which  the  science,  intelligence,  and  fostering  care  of  a 
powerful  and  enterprising  nation  could  affard.  On  the  other  hand^ 
tJie  cultivation  of  the  cane,  and  the  art  of  extracting  sugar  from  it^ 
seem  almost  to  have  been  left  for  centuries  to  the  management  of 
the  ignorant  and  ^tupid  negro.  Nature,  however,  in  the  abundant 
growth  of  tropical  climates,  and  a  juice  of  great  comparative  purity 
and  richness,  favprs  the  cane  with  advantages  which  moi^  than 
compensate  for  the  rudeness  of  the  processes  followed.  Thus,  in 
these  two  similar  and  rival  industries,  we  behold  science  overcom- 
ing obstacles  imposed  by  nature,  and.  contending  with' indolence 
favored  in  every  respect;  so  successfully,  also,  tha.t  of  late  years 
the  French  goyernment  has  seen, fit  to  remove  the  privilege  of  ex-- 
emption,  and  to  tax  the  manufacture  of  beet  sugar,'  thereby  placing 
it  on  an  equality  with  their  colonial  sugars  paying  duty. 

In  nothing,,  perhaps,  is  the  contrast  between  the  beet  and  the 
cane  sugar  manufactures. more  striking  than  in  the  operation  of 
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•defecation,  aa  performed  usually  in  each.  Caution,  care,  and  skill 
distinguish  the  one;  while  carelessneka  and  mismanagement  pervade 
the  other. ,  {Essentially  a  chemical  process,  and  therefore  Requiring 
some  knowledge  of  the  compodtion  and  properties  of  cane  juice 
for  its  correct  and  intelligent  performance,  little  or  nothing  can  or 
should  be  expected  if  it  be  left  entirely  to  the  care  of  negroes  or 
of  ignorant  white  men.  Some  of  the  more  intelligent  planters,  how- 
ever, superintend  and  direct  in  person  the  operation^  of  the  sugar- 
house;  a  practice  which,  through  laborious,  especially  at  night',  is 
yet  often  indispensable  if  they  would  look  properly  to  their  own 
interests. 

32.  Lime  is  generally  the  only  agent  of  defecation  employed. 
Care  should  be  taken  that  it  be  used  neither  in  excess  nor  in  de- 
ficiency. But  to  determine  the  proper  quc^ntity,  experiments  on  a 
small  scale  are  tried  only  by  a  few;  the  results  of  working  being 
generally  the  means  of  judging  whether  the  amount  employed  at 
any  time  was  correct.  A  practice  so  loose  is  of  course  attended 
with  constant  uncertainty  and  frequent  injury  to  the  sugar. 

To  measure  the  quantity  of  slacked  lime  for  defecation,  a  small 
wooden  box  or  trough  is  used  by  some;  it  is  one  foot  in  length,  and 
four  inches  both  in  height  and  breadth^  being  divided  from  inch  to 
inch  by  grooves,  into  which  a  slide,  slips.  Each  division  therefore 
corresponds  to  s'xteen  cubic  .inches.  Rough  as  the  above  contri- 
vance is,  it  has  the  advantage  of  rapid  measurement,  aad  even  for 
accuracy  is  infinitely  preferable  to  the  rough  scales  and  weights 
sold  in  the  shops. 

Tlie  proper  dose  of  \iine  vairies  with  the  nature  of  the  cane  and 
the  country;  juice  from  perfect  canes  requiring  le'ss  than  that  of 
hnmature,  or  such  as  are  otherwitSie  ofinCerior  quality. 

In  Louisiana  and  the  French  islands,  the  juice  is  permitted  to 
flow  from  the  mills  into  large  shallow  wooden  tanks,  or  receivers; 
the  pieces  of  cariev  trash,  and  other  mechanical  impurities,  being 
separated  in  part  from  it  bypassing-  through  sieves.  In  these  re- 
ceivers, it  is  allowed  to  stand  quietly  for  awhile,  and  it  is  then 
drawn  oflF  carefully,  ^o  as  to  leave  in  the  receiver  the  dirt  which 
may  have  separated  from  it,  either  as  a  soum  or  by  pr^ecipitation. 
It  passes  to  the  frrst  and  largest  evaporating  pan,  called  the  griande, 
where  it  receives  the  lime  intended  for  defecation,  and  is  heated 
until  the  thick  scum  which  rises  to  the  .surface  cracks,  ^nd  ebulli* 
tiori.  is  about  to  take  place.  ^The  scum  is  then  removed  by  skim- 
ming, and  the  juice  is  rapidly  dipped  out  with  large  copper  ladles, 
and  poured  into  the  next  pan, or  boiler,  called  the  flambeau.  The 
lime  is'  introduced  by  first  mixing  it  into  a  thin  pasfe  with  two  or 
three  gallons  of  the  juice.    . 

If  the  juice  thus  defecated  be  light  colored  and  transparent,  and 
readily  throws  up  in  the  'flan)beau/the  remaining  feculcpcies  which 
are  mixed  with  it,  the  operation  is  supposed  to  have  been  properly 
performed.'  But  if  the  juice  be  dark  colored,  has  a  disagreeable 
alkaline  flavor,  and  boils  in  a  peculiar  manner,  the,  lime  is  sup- 
posed to  be  in  excess;  while  slimy  fet^uleneies  adhering  to  the 
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pan,  &c.,  indicate  deficiency.  The  feculencies  which  separate  in 
the  flwmbeau  are  carefully  and  incessantly  removed  by  skimming 
them  back  into  the  grande^  and  the  scum  which  was  taken  from 
the  latter  is  thrown  away,  the  clear  juice  which  drained  from  it 
being  iidded  to  the  next  charge.  If  hme  has  not  been  used  in  suf- 
ficient quantity  at  first,  it  is  added  in  the  flambeau. 

33.  In  the  islands  of  Cuba  and  Jamaica  the  practice  is  somewhat 
different,  and  probably  preferable.  The  juice  flows  from  the  mill 
into  large  Wooden  tanks,  as  in  Louisiana,  but  passes  from  these 
into  the  "clarifiers,"  "racking  coppers,"  or  "cracking  coppers,"  as 
they  are  variously  called.  These  clarifiers  are  large  rectangular 
and  shallow  copper  vessels,  about  ten  feet  or  more  in  length,  five 
or  six  feet  in  breadth,  and  about  twenty  inches  in  depth,  usually 
placed  over  the  flue  of  the  furnace,  that  the  heated  air  and  fumes 
may,  befbre  passing  up  the  chimney,  heat  the  juice  in  the  clarifier, 
but  never  to  the  temperature  of  boiling,  or  212°  Fahrenheit. 
Trains  of  pans  so  arranged  with  clarifiers  are  usually  known  as 
Jamaica  trains.  As  one  fire  is  made  to  answer  successively  for 
four  evaporating  pans,  ^nd  the  furnace  is  so  constructed  as  to  con- 
centrate the  heat  upon  them,  it  follows  that  it  is  only  the  waste- 
heat  which  supplies  the  clarifiers,  ana  consequently  that  their  use 
is  attended  with  economy  of  fuel.  Besides,  as  the  juice  is  allowed 
to  stand  quietly  in  them  for  a  time,  and  the  feculencies  to  collect 
together,  aftex  which  the  cl€*ar  liquor  is  drawn  off  carefully  by 
means  of  a  syphon,  or  stopcock,  it  is  thought  that  the  employment 
of  clarifiers  may  be  attended  with  the  advantage  of  a  more  perfect 
separation  of  the  feculencies  than  can  be  produced  if  the  operation 
of  defecation  be  performed  iii  the  grandej  in  which  the  juice  often 
boils  before  the  scum  is  removed,  causing  the  feculencies  to  be  dis- 
persed somewhat  through  the  liquor. 

Yet  it  is  very  questionable  whether  vessels  so  shallow  as  the 
clarifiers  admit  of  decantation  of  clear  liquids  from  feculencies  so 
light .  as  those  ot  .the  cane  juice  without  even  more  admixture  of 
feculencies  than  ever  otcurs  in  the  French  mode  of  defecating,  in 
the  grandey  from  the  cause  above  mentioned.  Considered,  how- 
ever, as  mere  receivers,  or  tanks,  in  which  the  juice  is  kept  for  a 
while,  and  allowed  to  clarify  in  part,  if  not  perfectly,  so  as  to 
lessen  the  amount  of  impurities  to  be  removed  in  the  grande^  tliese 
clarifiers  are  certainly  very  useful  appendages  to  the  train. of  evap- 
orating pans;  for  the  heat,  while  it  removes  a  large  portion  of  the 
feculencies  by  coagulating  much  of  the  albumen,  is  also  usually 
sufficiently  high  (about  150^  to  180*^  Fahrenheit)  to  check  or  pre- 
vent fermentation. 

If,  instead  of  vessels  of  large  surface  and  but  little  depth-^a 
shape  usually  adopted,  I  presume,  to  permit  of  more  extended  ap- 
plication of  the  heat  of  the  flue — cylindrical  vessels  of  considera- 
ble depth  and  less*  diameter  were  substituted,  these  would  permit 
the  clear  liquid  to  be  drawn  off*,  and  the  scum  to  be  removed  by 
skimming,  with  grcjat  readiness;  thtfy  could  not,  however,  be  heated 
in  the  sam«  manner  as  those  in  use.     ' 
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34.  The  lime  is  added  by  dome  in  tbe  clarifiers;  by  others^  only 
in  the  grande  or  first  teachey  as  it  h  called  jn  the  English  colonies; 
and  by  others,  in  both;  while  some  even  put  it  into  all  the  pans  or 
teaches,  except  the  battery  or  striking  teache.  In  Jamaica,  the 
dose  of  lime  employed  was  formerly,  according  to  Bryan  Edwards, 
about  a  ppt  in  powder,  after  slacking,  to  a  hundred  gallons.  Of 
late  years  it  is  stated  to  have*  been  reduced  nearly  to  one-third  of 
that  quantity,  and  with  decided  improvement  to  the  sugar  manu- 
factured. In  Cuba,  the  amount  of  lime  used  for  defecation  varies 
even  from  day  to  day,  with  the  caprice  of  the  ignorant  Spanish 
sugar  boilers  usually  employed;  and  this  delicate  point,  which  re- 
quires so  much  care  and  skill,  would  be  perhaps  almost  as  well 
performed  as  by  them,  if  lime  were  scattered  abo.ut  the  sugar  panSy 
and. allowed lo  be  blown  into  them  by  the  "grinds. 

Of  late  years,  separate  clarifiers  heated  by  steam,  have  been  used 
both  in  the^West  Indies  and  Louisiana;  those  in  the  islands  are 
generally  defecators,  copied  closely  after  those  employed  in  the 
beet  sugar  works  of  France,  and  which  therefore  need  no  further 
description  or  discussion.  In  Louisiana,  a  less  costly  apparatus  has 
been  tried;  with  what  succes,  I  am  not  informed.  It  consists  of  a 
wooden  reservoir  or  vat,  lined  with  lead  or  copper,  and  heated  by 
means  of  a  steam-pip€.  The  juice  being  heated  in  these  vats  to 
212*'  Fahrenheit,  is  allowed  to  remain  quiet  for  a  while,  that  the 
feculencies  may  collect,  when  it  is  drawn  off  by  cocks,  through  a 
cloth  filter,  into  a  reservoir  or  into  the  grande  itself.  Although 
the  advantages  of  using  steam  ^re  great,  I  should  be  inclined,  in 
the  absence  of  information  with  respect  to  actual  results,  to  con- 
sider these  wooden  clarifiers  liable  to  two  "great  objections:  firsty 
that  they  cannot  be  readily. cleaned;  and)  secondly,  that  it  is  found 
extremely  diflicult  and  even  almost  impracticable  in  the  arts  t6 
make  vessels  lined  with  metal  and  soldered  together  which  will 
remain  perfectly  tight  if  subjected  to  frequent  and  great  changes 
of  temperature,  and  especially  such  as  are  connected  with  steam- 
pipes.  The  expansion  and  contraction  of  the  metal  loosens  the 
solder^  and  thus  causes  them  to  leak. 

'  .     ♦  ^     ■. 

35.  In  Jamaica,,  a  small   quantity  of  a  solution  of  alum  is  often 

used  to  correct  the  effects  which  result  from  an  over-dose  of  lime. 
Thus  employed,  there,  can  be  no  important  objection  Jo  the  use  of 
aluta;  for,  while  it  leaves  in  solution  a  «mall  quantity  of  sulphate 
of  potash,  a  salt  which  is  inoffensive^  it  abstracts  the  excess  of 
lime  and  the  feculencies  which  were  united  with  it,  and  thus  ren- 
ders them  soluble.  The  carbonate  of  potash,  in  the  form  of  lyey 
is  said  to  be  extensively  used  in  Brazil;  and  the  clayed  sugars  im- 
ported from  that  country, are  qonsidered  inferior  io  Havana  sugarsy 
by  reason  of  the  injurious  effects  of  the  potash.  '  It  has  even  been 
stated  to  me  that  these  sugars  contain  potash  in  sufficient  quantity 
tb  render  the  mouth  sore  if  they  be  employed  for  household  pur- 
poses; but  I  must  confess  that  neither  I,  nor  others  to  whom  I  have 
submitted  specimens  for  chemical'  analysis,  were  able  to  detect  in 
them  any  excess  of  potasbj  and  I  therefpre  doubt  whether  Brnsil 
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sugars  are  as  alkaline  as  has  been  represented.  That  they  are 
moist  and  very  inferior  grain  is,  h6i^eTe.rj  undeniable.  In  Louisi- 
ana) potash  't>r  lye  W  sometimes  employed  for  th6  defeciation  of 
frosted  cane  juice;  but  such  juice,  it  is  said,  becomes  clarified  by 
heat  alone,  and  if  so,  the  use  of  potash  is  not^  only  unnecessaryi 
bat  improper;  for  that  potash  rendiers  sugar  deliquescent  or  moist, 
seems  to  be  the  result  of  long  and  extensive  experience.  Under 
the  head  of  potash  weshonld  also  place  the  ashes  of  certain  pJantS| 
to  which,  at  various  times  and  different  places,  peculiar  iefficacy  as 
defecating  agents  has  been  ascribed,  inasmuch  as  they  owe  their 
influence  to  the  potash  they  contain. 

In  the  improved  method  of  M.  butrone  for  the. manufacture  of 
Bugar — at  which  he  arrived  after  long  study,  and  many  experiments 
upon  a  large  scale,  in  the  islaiid  of  St.  Domingo,  betore  the  mas-* 
sacre  of  its  civilized  inhabitants — ^he  adopted  and  recommends  the 
cautious  employment  of  very  dilute  sulphuric  acid,  or  of  dream  of 
tartar,  to  neutralize  the  lime  which  has  been  added  in  excess.* 
And  thus  he  anticipated  the  practice  of  the  beet-sugar  makers  of 
France  of  a  succeeding  generation. 

At  the  time  of  Dutrone,  the  applications  of  steam  to  the  arts, 
and   especially  of   high   steam,  were  comparatively  unknown;  the 
useful  properties  of  boneblack   had  not  been  discovered,  and   the 
science  of  chemistry  had  made  little  progress,  for  it  had  just  com- 
menced  to  be  an  exact  science,  in   consequence  of*  the  researches 
of  Lavoisier  and  his  contemporaries.    If  we  be^ir  the  fact  just  men- 
tioned in  mind,  the  celebrated  work  of  Dutrone  certainly  will  ap- 
pear to  be  the  most  able  treatise    ever  written  on  the   culture  and 
manufacture  of  sugar.     It  is  a  book  which  may  be  read  with  profit 
by  every  planter:  in  it  he  will  find  the  errors  of  the  usual  proj(;ess 
of  making  sugar^  which  to  this  day  remain  unchanged,  clearly  and 
forcibly  discussed;  though  the  chemistry  of   Dutrone  is  often  in 
error,  and  is  generally  expressed'  in  language  which  now  appears 
quaint.     This  work   in  the  French   language  has  become  rare;  but, 
in  the  English  language,  Mr.  Porter  has  furnished  a  book,t  much 
of  which  is  copied  from  that  of  Dutrone.     Had   Dutrone  lived  at 
the  present  time  lie  would  not,  however,  have  considered  his  own 
method   the  perfection  of  the   Art ,  of  sugar- making.     The  use   of 
Bteam  and  of  boneMackwould  have  been  regarded  by  him  as  indis- 
pensable improvements;  nor  would   he  have  caused  to  l^e  printed 
and  published,  ih  the  face  of  modern   science,  the  chemical  errors 
and   obsolete  phraseology  to  whicb his. commentator  has  unwiaely, 
in  my  opinion,  seen  fit  to  adhere. 

36.  Of  late  years,  some  of  the  planters,  who  have' availed  them- 
selves of  the  great  advantages  afforded  by  the  use.  of  steam  for 
heatin-<ry  and  by  evaporation  in  vacuo,  .have. also  employed  bone- 
black  for  decolorization   and  clarification.     They  have   generally 


*See  Datrone,  Precis  sar  la  Canoe,  et  snr  les  Moyens  d'en  extraire  le  Sel  Essantiel,  page 
16S:  Paria,  1790 j  also  Porter  oa  tlio  Sugar-cane,  page  109:-  London.  1843. 

t  Tha  Nature  and  Prooertids  of  the  Sagar-oane,  by  George  Eichardson  Porter,  F.  R.  S* 
^ocrespoiuKiig  member  olthe  loatitate  ot  Franoe,  2i  edition:  London,  1843^ 
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employed,  it  only  in  the  coars,ey  granular  form)  and  in  Dumont's 
filterS|  as  described  in  the  sequl  of  this  report.  In  Louisiana,  on 
the  estate  of  Messrs.  Packwood  &  Benjamin,  tfhe  use  of  bonebUck 
filters  has  been  thoroughly  tested, .and  with  entire  success.  I  men- 
tion this  fact  particularly /because  I  have  been  told  that  some  very 
intelligent  planters  of  that  State  have  expressed  the  opinion  that 
Louisiana  cane  ^ice  cannot  be  filtered  readily  through  boneblack^ 
by  reason  of  the  mucilage  it  contains.*        •   « 

In  the  {^incipal  West  India  islands,  Frrench,  Spanish,  and  Eng- 
lish, on  estates  which  have  adopted  apparatus  for  boiling  in  vacuo^ 
boneblack  has  also  been  used.  In  the  Frenc^h  and  Spanish  islands 
the.  apparatus  and  method  employed  are  generally  those  of  M.  De- 
rosne*  The  juice' being  defecated  with  lime,  is  then  filtered  through 
boneblack,  which  removes  the  excess  of  lime  and  other  impurities 
of  the  juice.'  The  defecators  are  precisely  similar  to  those  used  in 
France,  and  the  method  of  manufacture  analogous  to  that  of  Xhe 
beet- sugar  industry,  only  it  is  far  simpler.  The  juice,  owing  to  its 
purity,  is  filtered  but  twice  through  the  boneblack;  and  it  is  then 
ready  to  b^  evaporated  to  granulation.  In  Cuba,-  Messrs.  Diago 
and  Ayestaran  have  employed  the  method  of  Derbsne  with  great 
success  and  profit.  On  their  estate  near  Guines,  (the  Jn^enio  la 
^mistady)  not  only. their  own  crop^have  been  by  them  manufac- 
tured entirely  into  florete  white  and  jellow  sugars,  but  "they  have 
purchased  the  inferior  sugars  af  tueir  neighbors,  and  refined  them 
into  such  as  their  own.  ;  The  specimens  of  sugar  I  obtained  And 
saw  manufactured  on  that  estate,  directly  from  cane  juice,  are 
equal  to  the  best  .single-refined  of  the  United  States,  in  every  re- 
spect. But  these  results,  so  admirable,  are  certainly  to  be  ascribed 
in  a  very  -great  measure,  if  not  chiefly,  to  the  excellent  manaice- 
ment  of  the  owners,  who  are  not  only  gentlemen  of  ample  fortune, 
but  of  uncommon  enterprise  and  intelligence.  For,  on  the  estate 
of  Don  Villa  Uru'tia,  near  Limonar,  the  adoption   of  Derosne's  ap- 

faratus  has  been  attende/1  with   great  misfortune  and  loss;  which, 
have  been  informed,  was  probably  owing. to  want  of  knowledge 
and  skill  in  the  management  of  the  bonel^lack: 

So  important  is  the  article  of  boneblack  to  the  sugar  manufac- 
turer, and  so  entirely,  almost,  in  my  opinion,  does  the  success  of 
any  and  everymethod  in  which  boneblack  may  be  employed  de- 
pend, upon  the  economical  and  skilful  use- thereof,  that  I  hav^  de- 
voted a  section  of  this  report  exclusively  td  that  subject.  Manu- 
factured, as"  it  has  heretofore  been,  chiefly  in  Europe,  and  thence 
imported  at  high  cost  by  the  planter,  if  boneblack  be  wasted,  or 
much,  impaired  in  quality,  heavy  loss  must  inevitably  ensue.  If 
properly  prepared  at  first,  however,  and  subsequently  revivified 
with  skill,  animal  charcoal  retains  its  properties,  and  may  be  used 
successfully  for  several  crops,  and  an  indefinite  number  of  times* 

•37.  Articles  of  a  gelatinous  nature,  such  as  the  extracted  mucil- 
age from  the  ba^k  of  the  theobruma  gi$arcimaj  the  okra,  and  other 
plants,  have  been  used  to  some  extent  in  the  clarification  of  cane 

'  ^  ■  I         '  ' ■■     . ^  ■■ 

*j^  AppeadiXi  note  F. 
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juice,  and  as  substUute^  fortbe  albumen  employed  for  clafification 
by  refiners  and  beet- sugar  makers.  But  while  the  latter  acts  by 
eoagalatioD)  and  ^collects  -together  the  mechanical  impurities,  the 
foirmier,  having  no  siich  property,  is  of  very  doubtful  utility,  if  not 
injurious.  And  if  filtration  be  performed  in  any  method  adopted^ 
mixture  with  viscid  substances  is  cer^aiidly  productive  of  trouble, 
by  obstructing  the  pores  of  the  filters,  whiJe  it  would  also  impede 
the  draining  of  the  sirup  or  molasses  from  the  sugar  when  grariu- 
Jated.  \        : 

Asalbumen  in  the  fluid  and  uncoagulated  state  may  be  dried  at 
a  low  temperature,  and  subsequently  dissolved  in  water  without 
undergoing  any  change,  of  properties,  M.  Derosne  has  prepared 
blood  by  drying,  in  France,  which  has  been  exported  to  and  used 
in  the  colonies  for  clarification.  Cane  juice,  however,  contain^  so 
little  foreign  matter  comparatively  with  the  juice  of^  the  beet,  that 
boneblack  may  be  used  alone  for  its  defecation  with  entire  success* 

Besides  the  preceding  reagents,  others,  such  as  sulphate  of  zinc, 
acetate  of  lead^  etc.,  :bave  been  experirpented  with.  But  against 
the  use  of  any  such  poisonous  substances  no  abjection  can  be  too 
strong.* 

The  chemical  theory  of  the  defecation  of  cane  juLoe  is  precisely 
similar  to  that  for  the  juice  of  the  beet;  only  as  the  fbrmer  is  much 
the  purer,  it  is.  more  readily  defecated,  and  by  means  of  a  much 
smaller  dose  of  lime*  The  greater  part  of  the  albumen  in  cane 
juice  is  coagulated  by  heat  alone,  while  the  remaining  portion,  like 
that  contained  in  beet  juice,  requires  lime  to  produce  coagulation. 
Hence  if  defeqation  be  first  performed  in  part  by  heat  alone,  the 
dose  of  lioie  should  be  even  much  less  in  quantity  than  otherwise 
might  beused.  Tbe  cane,  like  the  beet,  consists  chiefly  of  water, 
sugar,  albumen,  pectine,  woody  fibre,  salts  of  lime,  etc.,  etc.  Tbe 
expressed  juice  contains,  besides  the  wat^r  and  sugar,  most. of  the 
albumen  and  the  soluble  salts;  white  the  pectine  and  the  insoluble 
salts  remain  in  the  w6odj  fibre  to  constitute  the  begassa.  An 
excess  of  Hme  is  injurious,  for  the  same  reasons  and  to  the  same 
extent,  in  the  defecation  of  Ci^ne  or  beet,  juice^  and  every  precau- 
tion to  prevent  such  excess  and  consequent  injury  is  requisite  alike 
for  both.  .  ^  .  -. 

38^  The  sugar  manufacturer,  especially  in  tropical  countries, 
sbouM.  exercise    constant    vigilance    to    prevent    fermentation,  to 

,  .  V  • 

*In  tbe  Sagar  Planters'  Manual,  by  Evans,  tiOndon,  1847,  tbe  salpbate  of  alaminaj  de- 
compoaed  by  tbe  addition  oi*  lime,  is  mentioned  as  an  excellent  agent  of  defecation. 

He  says;  "  I  can'coiiceive  of  Dp  better  method  of  defecating  cane  jaice  than  this.  The 
liquor  as  it  Qeinea  from  the  filter  is  almost  colorless,  and  ail  the  after  processes  to  which  it 
is  submitted  are  extremely  satisfaictory.  I  haver  proaaced  sdgar,  from  cane  juice  thus  acted 
upon,  equal  in  culor  to  the  finest  clayed  Havana,  and  possessing  a  sharp  and  sparkling  grain. 
Unluckily,  the  sulphate  of  alumina  is  not  ai^  article  of  commerce.'' 

Therre  ean  be  no  chemieal  oblation,  I  think,  to  (he  employment  of  sulphate  ^f  alumina 
with  lime  for  defecation;  it  would  be  very  useful  to  correct  any  excess  of  limej  and  the  only 
trouble  apparently  to  be.  apprenended  from  its  use,  aj^art  from  the  qnestion  of  its  cost,  is  the 
probable  formation  of  a  larger  sediment  or  crust  ia  the  evaporating  pan,  unless  that  b« 
avoided  by  filtration. 

K.8.M. 
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which  all  saccharine  juices  are  peculiarly  liable.  Every  vessel 
should  be  kept  as  clean  as  possible,  and  the  juice  should  never-  be 
allowed  to  stand  for  any  length  of  time^in  a  state  favorable  to,  fer- 
mentation. Fermentartion  very  readily  take^  place  in  dilute  juice 
when  the  temperature  is  between  70"  and  150^  Fahr.  Hence  to 
apply  heat  immediately  to  the  expressed, juice,  first  for  defecation, 
and  subsequently  for  concentration,  i6  all  important. '  And  the  use 
of  reservoirs,  such  as  are  employed  to  collect  and  bold  the  cane 
juice  as  it  flows  from  the  mill,  and  in  which  it  often  stands  for  an 
hour  or  two,  is  attended  with  great  risk,  or  even  positive  loss;  By^ 
fermentation  cane  sugar  is  converted  into  an  uncrystallizable  sugar, 
which  polarizes  to  the  left;  and  this  change  is  produced  in  cane 
juice  with  great  rapidity,  and  before  any  escape  of  carbonic  acid 
gas,  froth,  or  other  external  signs,  occur  to  give  notice  of  the 
change  which  is  going  on.  Nor  when  cane  sugar  has  thus  passed 
into  uncrystallizable  sugar,  does  it  seem  possible  to  restore  it  to 
its  original  state;  while  lime  with  fermenting  juice  only  serves  to 
impart  a  dark  color  to  the  uncrystallizable  sugar,  instead  of  acting 
as  a  remedy. 

'39.  In  Louisiana,  when  the  cane  has  been  exposed  to  severe 
frost,  followed  by  warm  weather,  the  juice,  it  is  ;said,  becomes 
acid,  and  so  altered  that  it  is  impossible  to  make  sugar  from  it  in 
the  ordinary  way.  In  defecation  it  becomes  mucilaginojus  and 
ropy,  and  yields  not  a  particle  of  crystalline  sugar.  Do  not  the 
changes  of  temperature  cause  the  cellular  tissue  of  the  caae  to  be 
ruptured,  and  thus  bri^g  together  the  nitrogenous  matter  and  the 
saccharine  juice  under  circumstances  which  exctte  viscous  or  lactic 
fermentation?  I  may  here  addj  that  during  the  last  year  excellent 
sugar  is  said  to  have  been  made,  by  Messrs.  Packwood,  Benja- 
min, and  V.  Degruy,  Ijy  the  use  of  Rillieux*s  apparatus,  from  acid 
frosted  cane  juice,  which  by  the  ordinary  method  would,  it  is 
stated,  have  yielded  molasses  onlyl* 

r  '  ,       '      •  • 

Section  III.: — On  filtration, 

1.  However  skillfully  the  operation .  of  defecation  may  have 
been  performed;  however  faithfully  the  scum  may  have  been  re- 
moved by  skiinming;  and*  however  (pjietly  the  juipe  may  have  been 
allowed  to  stand  after  defecation,  that  the  feculettcies  might  in 
part  collect  as  scum,  and  in  part-  subside;  the  defecated  liquor,  ' 
though  drawn  off  with  extreme  care,  Tfill  still  contain  a  portion  of 
the  impurities  floating  in  or  mechanically  mixed  therewith.  Hence 
filtration. is  absolutely  necessary,  if  the  manufacturer  would  pro- 
duce a  perfect  article.  And  if,  by  evaporation,  dissolved  matters 
become  free  and  insoluble,  as  is  the  case  with  beet  juice,  then  fil- 
tration must  be  repeated  even  several  times. 

As  employed  in  the  sugar  industry  of  the  world,  filtration  is.either 
simple  and  designed  solely  to  accomplish  the  object  above  stated,  or 


*See  Appendix,  aote  Fv 
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complicated  by  reason  of  the  use  .of  boneblack,  not  bj\\y  as  a  filter 
to  remove  mechanical  impurities,  but  also  as  a  chemical .  agent  to 
separate  substances  chemically  united  with  the  saccharine  juice^ 
sHch  as  coloring  matter/ lime^  etc.  The  filter  o£  M.  Dumont,  who 
first  introduted  coarse  boneblack,  and  to  whom  the  beet  sugar  man- 
ufacture is  tlierefore  indebted  for  perhaps  the  greatest  improve- 
ment'which  hits' taken  f^Iace  therein,  is  probably  the  best,  as  wellr" 
as  the  most  generally  known  and  thoroughly,  tried,  of,  boneblack 
filters.  Simple'  filters  are  made  of.  various  kinds  of  cloth^  and  ofi 
these  the  "bag  fiUfcr,"  invented'by  Taylot,  and  thp  "leaf  filter,^'' 
invented  and  patented  by  J.  S.  Lovering,'are  probably  the  most 
perfect,  »     • 

2.  The  hag  filters  of  Taylor  are  composed  usually  of  a  number 
of  long  and  narrow  cotton  sacksj  closed  except  at  one  end,  which 
is  left'  open  that  they  maty  each  receive  a  conical  tube,  through 
which  the  juice  to  be  filtered  enters  the  bag,  and  upon  which  they 
are  tightly  fastened  by  means  of  a  sliding  ring.  The  whole  is  ar^ 
ranged  in  a  wooden  box,  composed  o^  a  reservoir  above  to  hold 
the  juice,  into  the  bottoqi  of  w(iich  the  tubes  of  the  filters  are  in- 
serted, and  of  a  chamjber  below,  in  which  the  bags  are  suspended^ 
and  which  receives  the  filtered  juice.  This  chamber  opens  readily,, 
that  the  bags  may  be  removed  and  cleaned.  For 'a  further  descrip- 
tion of  Taylor's  filter,  see  plate  I,  figs«.l,  2,  3,  ^^and  the  explana- 
tory text.  .^  ^ 

The  filter  of  -Taylor^  by  reason  bf  the  folds  of/the  bags,  has  the 
adva;itage  of  a  Very  large  filtering  service,  but  the  disadvantage 
tliat  it  soon  clogs  if  the  abpuht  of  impurities  to  be  removed  be 
great;  ini  which  case,  the  bags  must  be  removed  and  washed. 

The  bags  |Aiust  be  made  of  cotton,  for  woollen  cloth,  it  has  be^n 
found,  is  destroyed  rapidly  by  the  excess  of -'lime  in  the  defecated 
juice.  Thi^  lime  also  often  encrusts  the  cotton  bags,  as  a  carbo* 
nate,  and  impairs  their  filtering  pow^r..  For  this  trouble,  M. 
Dubrunfaut  has  reeomn^ended  jand  used  successfully  very  dilute 
muriatic  acid,  which  decomposes  and  dissolves  the  crust. entirely 
without  injury  to  the  clpth!"  After  which,  the  filter  must  be 
thoroughly  washed  with  water  to  remove  the  acid.  Vinegar  may 
be  substituted  for  muriatic  acid  where  it  is  sold  or  made  more 
economically,  and  the  cane  sugar  planter  may  manufacture  it  for 
the  purpose  from  molasses. 

3.  The /co/^/^eri- patented  by  J.  S.  Lovering,  is  composed  of  a 
series  of  cotton  ba^s  stretched  over  thin  quadrangular  frames^ 
which  keep  the  sides  of  the  bags  apart,  and  cause  them  to  present 
a  smooth  even  surface  instead  of  folds,  tnud  greatl'y  facilitating  the 
operation  of  cleaning  when  it  has  to  be  performed.  These  frames 
are  arranged  side  by  side  in  a  box,  and  the  juice,  v^hich  filters  from 
without  inwards,  escapes  by  a  hole  in  the  bottom  of  the  frame* 
The  juice  is  poured  ikito  the  box  outside  of  the  frames,  and  the 
filter  therefore' is  not  clogged  by  impurities  as  readily  as  Taylor's 
filter;  in  c6nsequence  of  which,  it   works  miore  rapidly,  and  does 
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^ot  require  tp  be  cleaned'so  often.  Filters  somewiiat  similar  to 
the  above  have  also  been  introduced  into  the  refineries  of  England 
and  France.  They  hare  long  been  used  by  Mr.  Lowering  with  the 
moat  satisfactory  results.  '    « 

4.  The  filter  Dumont.  After  boriieblack  in*  fine  powder  had  been 
introduced  into  use  by  MM.  Derosne  and  Payeti  for  defecatioh  and 
decoiorization  only,M.  Dumont  :8ought  to  employ^  it  also  for  fil« 
tration,and  to  this  end  invented  his  celebrated  filter;  in  the  United 
States  often  erxoneously  called  thef  Derosne  filter  J  '  It  consists  of 
a  wooden  bo3t,  in  form  'of  a  four-sided  truncated  pyramid,  with  a 
double  bottom.  The  inner  bottom  is  a  metallic  plate,  pierced  with 
numerous  holes;  upon  it  a  cotton  cloth  is  laid*,  and  coarse  grained 
animal  charcoal,  moistened  with  water,  is  then  spread  layer  by 
layer;  each  layer  being  rendered  of  uniform  thit^kness,  and  packed 
or  pressed  closely  together,  by  mesons  of 'a  sort  of  trowel.  '  When 
the  boneblack  ha^  thus  been  formed  into  a  compact  bed  or  stratum^ 
of  about  fifteen  to  eighteen  inches  in  thickness,  and  within  five  to 
ten  inches  from  the  tbp  of  the^box,  it  is  covered  With  another  cot- 
ton cloth,  and  another  metallic  plate  pierced,  with  holes.  The  ob- 
ject of  the  second  cloth  and  metalKc  cover  is  to  collect  any  sub- 
stances which  would  otherwise  obstruct  the  intei*stices  of  tie  su- 
perior stratum  of  the  boneblack — an  incoinyenient  accident,  which 
is  easily  prevented  by  the  use  of  such  a  cover;  aTnd,  this  cover  is 
readily  changed  for*  another  should  it  become  itself  obstructed. 

It  is  important,  to  a,void  false  passagjes,  that  the  juice  should  be 
constantly  at  the  same  level  of  about  3  or  4  inches  f^bove'the  cover 
of  the  boneblack.  This  is  accoifnplishtfd  by  means  of  a  self-regu- 
lating cock.  The' filter  tvill  be  better,  and  fully  understood  by  re- 
rerence  to  plate  I,  fig/  5,  and  the  accompanying  explanation. 

To  facilitate  the  action  of  Dumont'5  filter,  the  boneblack  must 
be  perfectly  .free  from  fine  powder,  which  would  obstruct  the  pas- 
sage of  the  sirup,  a^hd  »thu^  retard  its  floW.  To  render  It  so,  it 
should  be  lifted  carefully  each  time  after  revivification.  Coarse- 
grained boneblack  may  be  revivified  an  indefinite  nnmber  of  times 
by  a  red  Itieat;  and  if  a  small  portion  newly  made  be  added  to  re- 
place the  loss  in  fine  powder  when  sifted,  it  will  last  for  a  long 
time  without  needing  any  further  treatment.  The  fine  boneblack 
should  be  used  in  clarification. 

By  the  be.et-sugar  makers  it  is  thought  best'notto  giv6  to  Du- 
mont's  filter  a  larger  siijse  than  one  cubic:^yard,  because  they  thus 
become  difficult  to  clean  and  recharge,  and  impede^the  operations. 
There  is  less  loss  of  tim^  and  the  filtration  takes  place  more.ra- 
pidly  with  &  number  of  small  fi|te<rs,  thaii  wrth  one  large  one. 

In  the  West  Indies^  M.  Derosne  has  introduced  for  the  filtration 
of  cane  juice,  filters  .of  boneblack  of  much  larger  size  than  those 
of  M.  Dumont.  They  are  made  of  boiler  iron,  are  cylindrical  in 
shape,  and  their  .dimensions  are  about  eight  "or  ten  feet  in  height/ 
and  four  or  five  in  diameter.  Such  filters  have  also  been  used  by 
refiners.  They  have  the  advantage  over  small  .filters'  of  filtering 
more  rapidly,,  in  consequence  of  the  pressure  of  the  liquid,  but 
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they,  are  less  readily  charged  and  cleanjed.  While,  therefore,  these 
filters  may  be  used  for  ca^ne  juice,  or  by  refiners,  the}vcannot  prob- 
ably be  employed  by  beet-sugar  manufacturers,  in  consequence  of 
the  greater  amount  of  fejculencies  contained  in  the  beet,  and  the 
•considerably  excess 'Of  .lime  in  the  defecated  juice. 

.  6.  The^/^€r  Peyton -is  another  form  of  m^etallic  Alter,  to  be  used 
like  that  of  Dumont,  with  eoiirse  boneblack  both  for  filtration  and 
decIorizati(m^  It  is  intended^  however,  to  act  continuously,  and 
without  renewal  of  the  boneblack.  This  filter  is  cylindrical,  in 
height  two  and  a  half  metres,  and  in  diameter  o^e  metre.  .The 
top  is  clo6e4  with  a  perfectly  tight  cover,  anfl  the  vacant  space  of 
the  double  bottpm  communicates  by  a  tube  and  cock  with  the  top 
of  a  second  and  smaller  filter,  so  that  the  sirup  which  has  filterea 
through  the  ^rst  passes  through  the  second,  ifrom  which  in  like 
manner  it  proceeds  through  a  third.  The  closed  top  permits  the 
mse  of  hydrostatic  pressure  to  increase  the  rapidity  of  filtration, 
and  the' juice  enters,  the  first  filter  for  that  purpose  by  a  tube  from 
a  reservoir  above..  The.  double  bottom  of  each  filter  of  the  series  is 
also  provided  with  another  outlet  and  stopcock,  to  perfnit  the  fiuid 
contents. to- be  drawn  off  at  any  time,  if  desired. 

The  filters  of  Peyron  are  charged,^Iike  those^  of  Dumont,  with 
coarse  boneblack,  carefully  compressed  in  layers,  after  which  the 
fine  powder  is  washed  out  thoroughfv  with  water;  and  when  this 
.flows  perfectly  clear,  the  sirup  ig  allowed  to  pass  into  the  filter, 
and  to  remove  the  water  by  displacement.^  As  soon  as,  the  water 
which-escapes  from  the  double  bottorp  is -sweet  to  the  taste,  it  is 
collected  in  the  reservoir  to  be  evaporatied.^ After  the  sirup  ceases 
to  flow  freely,  hot  water  is  used  to  displace  that  portion  absorbed 
by  the  boneblack;  and  as  isoon  as  the  density  of  the  escaping  li- 
quid becomes  feeble,  it  is  no,  loiijster  collected.  The  hot  water  is 
then  allowed  to  flow  through  the  filters  until  they  ar^  washed  per- 
fectly. Fermentation  soon  commences  in  the  filter,,  by  reason  of 
the  dilute  sirup  and  nitrogenous  impurities  absorbed  by  the  bone* 
black;  and  aft^r  twenty-four  hour?,  when,  the  fe^meiitation  is  con- 
sidered complete,  and  the  impurities  taken  lip  by  the  boneblack 
«re  thereby  destroyed,  the  filter  is.  cleaned,  to  prepare  it  for  work 
a  second  time,  by  first  passing  throt|gh  it  for  half  an  hour  a  jet  of 
high  steam,  and  subsequently  wasihing  it  thoroughly  with  hpt 
water. 

Tfa^se  filters  were  invented  in  1837,  and  received  not  only  the 
favorable  consideration  of  the  Academy  o^  Science  at  Marseilles, 
but  also  the  praises  of  two  refiners,  one  of  Berlin  and^the  other  of 
London,  who  adopted'  them;  in  consequence  of  which,  they  were 
subjected,  in  the  refinery  of  M.  Bay  vet  at  Paris,  to  a  fair  and  full 
trial,. by  a  committee  of  ^the  So€i6U  d"^ Encouragement)  which  re- 
sulted' m  their  being  condemned*  What  was  the  cause  of  their 
failure  seems  not  to  have  been  determined  satisfactorily  by  the 
committee;  bat  it  was  probably  owing  to  the  lime  taken  up  by  the 
bonebljEick,  and  whic)^  fermentatig.n.is  insuflScient  to  remove;  for, 
if  a  weak  solution  of  sugar  ferments,  it  is  converted  first  into  alco- 
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hol  and  carbonic  acid  gas.  .The  latter  vi;ould  unite  with  the  lime 
to  form  an  J|soIubIe  carbonate,  while  the  alcohol  is  changed  into 
acetic  acid  only  by  absorbing  oxygen  from  t.he  air,  which  is  ex- 
cluded in  great  measure  from  Peyron's  filter  by  its  tight  coTer. 

6.  By  Tefinersthe  sirup  js  always  filtered  immediately*  after  clar* 
ification.    For  this  purpose,  in  the  old'metho^d,  it'is  strained  through 
a  blanket  spread  over  and  jsustained  by  a  basket — a  rude  contri- 
Vauce,  which  in  the  improved  method  is  replaced  eit)ier  by  Tay*  , 
lor'^bag  filter,  or  the  ieaf  filter.  .  . 

By  filtration  through  cloth,  the  grosser  mechanical  impurities  are 
separated;  but  subsequent  filtration  through  coarse  boneblack  is 
essential  to  remove  coloring  matter  and  any  excess  of  lime  which 
may  have  been,  used*  For  these  important  objects,  upon  which 
the  beauty  of  the  spgar  chiefly  depends,  Dumont's  fitter,  or  better 
perhaps  the  large  filter  of  M.  Serosne,  should  be  and  is  employed. 
By  refiners,  boneblack  is  used  principally  as  a  d.ecolorizing  agent;. 
and  some  of  them,  who  add  it  in  fine  powder^  do  not  employ  a 
coarse-grained  article;  yet  so  long  a$  lime  continues  to.be  used  for 
defecation,  animal  charcoal  seeojis  likely  alsato  be  found  indiapen* 
sable  for  separating  any  excess  which  may  remain  in  the  sirupy 
and  which,  if  there  beevei^^a  slight  jportion  of  glucose  thereiiiy 
would  greatly  imp'air  the  color  unFess  removed. 

7.  In  the  beet-sugar  naanufacture  the  juice  is. always  filtered  im-' 
mediately  after  defecation.  It  is  then  usually  evaporated  to  15^ 
Beaum^,  which  is  done  tht  more  readily  in  proportion  as  the  defe* 
cation  has  been  the  more  complete.  During  thi^  evaporation  a. 
calcareous  deposite  takes  place;  which,  if  it  settle  on  the  bottom 
of  the  pan,  encrusts  it,  and  often  gives  trouble,  fifost  of  the  man- 
ufacturers/therefore,  throw  in  a  portion  of  fine  bopeblack,  whicl^ 
not  only  acts  mechanically  to  protect  the  pan,  by  gathering  upon. 
itself  the  calcareous  sediment,  but  also  contributes  greatly  to  -the 
purification  of  the  juice.  After  this  concentration^  the  juice  is 
filtered  a  second  time,  and  theq  again  evaporated .  to  about  27^ 
Beaum^;,  during  which  a  calcareous  sediment  separates^  but  in 
much  smaller  quantity  than  the  first.  From  this  sediment  the  sirup 
is  rendered  free  by  a 'third  filtration.;  after  wnich  it  is  evaporated 
to  granulation.  -  .  *  ' 

These  filtrations  are  all   usually  performed  in  Pumont's  filters^ 
and  the.  boneblack  is  used  rathier  as  an  ag^ent  to  correct  the  eftects  . 
of  lime,  and  at  the  ftapie  time  to  perform  the  mechanical  office  of 
filtration,  than  for  any  4ecfo\onz\ng  properties  jt  posaeiis^s.    Indeed^ 
decolorization  is  regarded  as  a  seconaary  and  incidental  maftter. 

8.  By  the  manufacturers   of  cane  sugar,  filtration,  though  ex- 
tremely important,  has  bi^en,  and  is  at  ^present,  generally  neglected. 
After  defecation,  the  cane  juice  passes  frpm.  pan  to  pan,  with  na' 
other  attention  than  to  sl^im  off  such  feculencies  as  rise  upon  the 
frothy  surface  of  th'e  boiling  sirup;  and  when  once  the  juice  arrives 
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in  the  battery,  no  matter  how  impure,  it  is  evaporated  to  the  strik* 
ing  point.     Calcareous  deposites  form  upon  the  bottoms   of  the 

Eans,  and  do  great  injury  by  interposing  a  non-conducting  substance 
etween  the  heated  metal  and  the  liquor  to  be  evaporated;  in  con* 
sequence'  of  which,  the  juice  is  evaporated  slowly,  and  the  pan 
becomes  heated  very  intensely  in  places,  which  exposes  the  metal 
to  rapid  oxydation,  and  often  burns  the  sugar. 

This  calcareous  sediment  should  be  removed  from  the  juice  by 
filtration,  and  fine  boneblack  should  also  be  used  to  prevent  the 
deposite  from  encrusting  the  evaporatine  pan.* 

9.  If  carefully  defecated  cane  juice  be  filtered  through  bone- 
black,  and,  after  evaporation  to  27^  Beaum^,  it  be  filtered  again,, 
the.  coarse  boneblack  employed  for  filtering  immediately  after  de- 
fecation being  such  as  had  already  been  used,  when  freshly  burnt 
or  revivified,  for  decolorizing  and  filtering  juice  of  27^  Beaum6; — 
we  have  the  process  copied  closely  after  that  of  the  beet-sugar 
makers,  and  recommended  by  M.  Derosne  as  the  method  to  be  fol- 
lowed in  the  use  of  the  improved  apparatus  he  has  constructed. 
The  results  obtained  by  this  process  in  the  West  Indies  leave  noth- 
ing to  be  desired  with  reference  either  to  the  quality  or  the  eolor 
of  tb«  sugar  when  the  evaporation  is  performed  by  means  of  P|6- 
grand's  vacuum  pan  and  condensing  tubes. 

With  apen  steam  pans  for  evaporation,  fine  boneblack  might  be 
used  with  advantage;  and  if  the  juice  be  permitted  to  flow  directly 
into  the  defecator  to  prevent  fermentation,  and  then  to  proceed  un- 
interruptedly and  promptly  from  operation  to  operation,  filtering 
through  boneblack  after  defecation;  next  evaporating  with  fine 
boneblack  and  by  steam  to  27^  Beanm6,  then  filtering  again  through 
fresh  boneblack  in  grains;  and,  lastly,  evaporating  by  steam  to  the 
striking  point,  I  do  not  doubt  that,  with  good  cane  juice,  excellent 
sugar  may  be  thus  made.  The  process  is  that  of  the  beet-sugar 
manufacture  of  France,  and  it  certainly  involves  far  less  outlay  of 
capital  than  is  required  by  the  very  expensive  apparatus  of  De- 
rosne. Perhaps  Taylor's  filters,  or  the  leaf  filter,  may  be  advan- 
tageously substituted  for  the  boiieblack  filter  iti  the  first  filtration; 
cloth  fillers  being  the  best  adapted  for  the  removal  of  mechanical 
impurities.  While  boneblack  is  requisite  for  decolorization,  and  aa 
a  remedy  for  excess  of  lime. 

10.  It  is  somewhat  singular  that  the  planters  of  the  cane  have 
not  generally  used  filters,  at  least  of  a  rude  sort — something  analo- 
gous to  the  blanket  and  basket  arrangemeiit  of  the  old  refinery;  and 
Uie  more  so,  because  they  are  well  aware  of  the  calcareous  depositee 
or  crust,  which  falls. upon  and  adheres  to  the  bottoms  of  the  evap- 
orating pans,  and  which  sometimes  gives  considerable  trouble. 

Dutrone  ^eems  to  have  fully  understood  the  importance  of  filtra- 
tion.    He  says-.f  '^ After  having  ascertained  the  absolute  impossi- 
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bility  of  remoTiBg  entirely,  by  skimming)  both  tbe  feoulenciefl 
which  are  proper  to  the  expressed  jaice  and  the  earthy  matt«rs 
which  are  foreign  thereto,  which  are  always- fonnd  in  it  in  greater 
or  less  proportion,  I  have  seen  that  it  was  indispensable  to  filter 
and  allow  the  sirup  to  repose  before  cooking  it;  and  I  have  inrented 
for  that  purpose  two  basins,  which  perform  the  office  marvdlously 
well,  and  with  the  greatest  advantages. 

^'These  basins,  called  filtering  basins,  (6a^m«  dJUirery)  should 
be  large  enough  to  hold  all  the  expressed  juice,  evaporated  to  24 
or  26  degrees  Beaum6,  which  the  mill  6i)n  furnish  in  twenty-four 
hours;  they  should  be  made  in  masonry,,  lined  with  kad,  and 
covered  with  several  cases  with  wicker  bottoms.  Upon  these  hot- 
toms,  as  filters,  are  spread,  first  a  woollen  cloth,  then  a  cotton  cloth 
and  a  copper  sieve*  Two  pipes  of  lead  establish  communication 
with  the  train;  one  conveys  the  syrup  into  the  cistern  at  the  foot 
of  each  basin,  from  which  a  negro  takes  it  and  pours  it  upon  the 
filters;  the  other,  of  which  tbe  opening  in  the  bottom  of  the  filter- 
ing basin  is  closed  by  a  stop-cock,  carries  the  filtered  sirup  back  to 
the  striking  pani" 

Rude  as  this  contrivance  of  M.  Dutrone  is,  compared  with  the 
bag  or  leaf  filter  of  the  present  day,  it  was  an  improvement  of 
great  merit  at  that  time,  and  might  even  yet  be  employed  with  ad* 
vantage  by  planters  who  cannot  readily  obtain  better  apparatus. 
The  filtering  part  being  simply  the  copper  gauze  and  the  two  cloths 
upon  a  wicker  bottom,  it  is  easy  for  any  one  to  construct  such  an 
arrangement,  or  to  contrive  some  equivalent  substitute;  while  any 
vessel  of  sufficient,  capacity,  and  which  inay>  be  readily  cleaned, 
will  supply  the  place  of  the  basin  of  Dutrone. 

In  Louifiiana,  on  the  estates  which  have  adopted  N.  Rillieux's 
vacuum  pan  and  method  of  making  sugar,  the  leaf  filter  of  J.  S. 
Lovering  and  the  boneblack  Dumont  filter  are  both  employed;  but 
no  other 'filter  than  the  larse  filter  of  Derosne  above  described,  is 
used  upon  the  plantations  in  Cuba,  which  are  provided  with  the 
apparatus  constructed  by  M.  Derosne,  and  which  I  examined  when 
there.  The  propriety  and  advantage  of  using  cloth  filtcirs  to  re- 
move gross  mechanical  impurities,  and  fine  boneblack  if  it  be  added, 
instead  of  requiring  the  whole  to  be  done  by  the  granulkr  bone- 
black  filters/  does  not,  in  my  opinion,  admit  of  doubt. 

Section  IV. — On  ivaporatian. 

1.  Much  more  attention  and  ingenuity  have  been  bestowed  on 
the  evaporation  of  saccharine  solutions  than  upon  any  other  process 
connected  with  either  Ibe  manufacture  or  the  refining  of  sugar.  In 
most  of  the  tropical  eountries  where  sugar  is  made  from  the  cane, 
fuel  has  beoome  scarce;  hence  the  planter,  though  he  in  many 
other  matters  follows  rude  fnethods,  yet  places  his  pans  so  as  to 
economize  the  heat.  By  the  usual  arrangement  of  pan  after  pan 
upon  a  horizontal  flue  leading  from  a  single  fire^  great  surface  is 
exposed  for  the  rapid  evaporation   of  the  juice,  and  at   the  same 


335  [  50  ] 

time  for  tbe  complete  abstlraetion  of  the  heat  from  the  current  of 
hot  air  which  escapes  from,  the  consuming  fuel.  Tbe  air  thus  ar- 
rives in  the  chimney ,  to  a  great  extent,  deprived  of  excessive  beat, 
and  unneceissary  waste  of  fuel  is  avoided.  But  though  well  cal- 
cuiated  to  economize  fuel,  the  ordinary  irain  is  in  6ne  respect,  es- 
pecially, a  most  barbarous  contrivance;  the  battery  or  striking 
teache  has  a  hemispherical  bottom ,  exposed  directly  to  the  most 
intense  action  of  the  fire:  when  therefore,  the  concentrated  sirup 
is  removed  from  it  by  dippingi  the  last  portions,  as  well  as  the  film 
which  sticks  upon  the  si^es,  are  always  carbonized,  and  the  cara- 
mel thus  formed  greatly  impairs  the  color  and  value  of  the  sugar. 
By  the  beet-sugar  makers  and  the  refiners  the  injurious  effects  of 
caramelizing  or  burning  the  sirup  have  been  not  only  fully  Appreci- 
ated, but  perhaps  even  somewhat  overrated;  for  they  seem  not  to 
have  attached  sufficient  importance  to  defecation  and  to  accidental 
fermentation.  Hence  numeroills  arrangements  for  evaporating  rap'* 
idly,  and  at  low  temperatures,  have  been  invented  to  prevent  in- 
jury by  overheating;  but  in  some  of  these  arrangements  proper, 
regard  has  not  been  paid  to  economy  in  the  use  of  fuel. 

The  problem  of  evaporation  of  saccharine  solutions  must  be 
considered  as  that  of  obtaining  fi^om  tbe  fuel  employed  the  maxi- 
mum effect  in  converting  the  water  of  solution  into  vapor  without 
injury  to  the  sugar  produced.  But  to  accomplish  this  object  in  the 
shortest  possible  time,  even' if  imperfectly,  is  in  some  places  and 
at  some  timei^  far  more  important  than  to  realize  an  ideal  perfection 
of  products  manufactured;  it  being  more  profitable  to  make  a  large 
quantity  of  rather  inferior  sugar  than  a  smaller  amount  of  prime 
quality.  Besides  to  avoid  night-work  as  mtich  as  possible  is  greatly 
to  be  desired  by  the  planter  for  the  sake  of  the  negroes.  Nor  is 
rapidity  of  evaporation  of  kss  importance  to  the  refiners,  for  the 
capital  invented  in  refining  establishments  is  usually  very  large; 
and  to  render  it  most  productive,  the  business  done  should  be  as 
great  as  possible. 

2.  In  the  following  observations  I  propose  not  only  to  describe 
but  also  to  discuss  the  merits  of  the  principal  arrangements  of 
evaporating  apparatus  which  have  been  invented  and  tried  upon  a 
large  scale;  and  in  forming  an  opinion  I  am  governed  equally  by 
the  testimony  of  manufacturers  with  reference  to  their  experience, 
and  by  the  conformity  or  nonconformity  of.  each  arrangement  to 
such  general  and  well  established  laws  of  physics  as  fit  it  fox  at- 
taining the  ends  of  economy  of  fuel  and  rapid  evaporation  ax  low 
temperatures';  which  ends,  the  preceding  ^remarks  show  to  be  the 
desiderata  in  any  apparatus  invented  for  evaporating  sirup; 

The  laws  of  physics  to  which  I  have  Reference,  and  which  gov- 
ern tbe  phenomena  of  evaporation,  are|^impie  and  few  ia  number. 
They  should  be  famirliarly  known  to  ^ary  manufacturer  of  sugar, 
and  therefore  may  appropriately  find  vf- place  here,  especially  as 
reasons  for  the  opinions  and  conclttsioi^Mi  may  state,  tbou]gh  their 
deinona'tration  and  illustration  properlj^KNkg  to  treatise  on  natu- 
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ral  philosophy,  to  which  I  therefore  refer  for  more  complete  infor- 
mation.*   They  are  as  follows:  ' 

1st.  It  is  impossible  by  any  mere  mechanical  arrangement  to 
create  heat,  or  any  other  power. 

2d.  To  convert  a  giveiw  amount  of  water  into  vapor,  the  satae 
quantity  of  heat  is  abi^orbed,  Whatever  may  be  the  temperature, 
high  or  low,  at  which  the  evaporation  takes  place:  for  the  sum  of 
the  sensible  and  latent  heat  in  vapor  is  a  constant  quantity. 

3d,  Evaporation  in  vacuo  takes  place  more  readiiy  than  in  atmos- 
pheric  air,  in  consequence  of  the  resistance  of  the  latter  to  the 
diffusion  of  the  vapor.     ' 

4th.  When  heat  is  communiciated  by  contact,  the  amount  absorbed 
is  projiortional  to  the  number  of  points  of  contact,  the  temperatures 
being  t)ie  same. 

5th.  When  water  passes  at  2lS°  Fahrenheit  into^steam,  it  ab9orb8 
1000^  of  heat,  which  becomes  insensible  to  the  thermometer,  or 
latent;  and  conversely,  when  steam  is  condensed  into  water,  it 
gives  out  1000^  of  latent  heat,  which  thus  becomes  free,  and  affects 
both  the  thermometer  and  the  senses.  Hence,  steam  of  212^ 
Fahrenheit  will,  in  condensing,  beat  five  and  a  half  times  its  own 
weight  of  water  from  32^  to  212?  Fahrenheit,  or  from  the  freezing 
to  the  boiling  point. 

.  It  is  approximatively,  though  not  perhaps  fully  established,  by 
experiments,  that  the  same  amount  of  heat  is  always  produced  by 
the  combustion  of  any  given  substance,  at  whatever  degree  of 
heat,  high  or  low,  it  may  be  burnt,  yet  the  loss  or  waste  of  heat 
varies  greatly  with  the  circumstances  and  method  of  application. 
To  determine  this  question  exactly,  more  accurate  and  delicate 
methods  than  any  heretofore  used  seem  to  be  requisite.  Yet  such 
has  been  the  skill  of  some  experiments  made,  that  we  may  for  all 
practical  purposes,  assume  it  to  be  rigidly  true  that  fuel  produces 
the  same  quantity  of  heat,  in  whatever  manner  consumed. 

3.  The  evaporation  of  liquids  is  an  operation  which  has  to  be 
performed  not  onl^  by  the  sugar  manufacturer  and  Yefiner,  but  also, 
and  in  a  great  variety  of  ways,  by  persons  engaged  in  the  different 
arts. 

The  following  classification  probably  includes  all  the  methods  in 
use:  ' 

1.  Evaporation  by  exposure  to  the  air; 

2.  Evaporation  by  artificial  currents  of  air; 

-  3.  Evaporation  by  flame  in  open  or  close  vessels; 

4.  Evaporation  by  steam  in  open  or  close,  vessels;     v 

5.  Evaporation  in  va^uo,  and  by  steam. 

Apparatus  may  be,  however,  and  is  contrived,  in  which  these 
methods  are  combined,  to  produce  a  greater  effect. 


*See  Lardner'g  Cabinet  Cyolopedls,  toliime  on^  He&t,  or  TriStb  de  Pbyftiqo^;  either  of 
Btott  PoaiUet|.or  Detpretz.  '  '        • 
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Evaporation  by  exposnre  to  the  air. 

4.  Evaporation  by  expostire  to  the  air  at  atmospheric  tempera- 
tures) though  ^  familiar  operation  in  domestic  economy  for  the 
preservation  of  fruits,  &c.,  is  yet  practised  on  a  large  scale  only 
for  the  extraction  of  common  salt  from  sea  water,  the  usual  ar- 
rangement for  which  is  either  a  series  of  large  shallow  basins,  into' 
which  the  sea  water  is  allowed-  to  flow  by  channels,  which  are 
closed  fifterwards  to  prevent  its  esaape  or  further  supply,  or  else  a 
tank  from  which  the  salt  water  descends  in  divided  streamlets 
through  piles  of  thorns,  which  therefore  expose  a  large  surface  of 
brine  to  the  air  before  it  escapes  into  the  large  shallow  reservoir 
beneath. 

Evaporation  by  air  may  be  considered  as  absorption  of  the  vapor 
by  the  air  immediately  in  contact  with  the  liquid,  which  air  thus 
becomes  saturated.  Hence,  it  is  evident  that  such  evaporation 
will  be  proportional  to  the  surface  of  the  liquid  exposed;  that  it 
will  increase  if  the  temperature  of  the  liquid  increases,  because 
the  vapor  then  has  greater  density;  and  that  currents  produced  by 
Windsor  artificially  will,  by  removing  the  saturated  portions  of 
air,  and  replacing  them  with  .fresh  and  drier  portions,  greatly  ac- 
celerate the  action. 

Various  combinations  of  evaporating  apparatus  haye  been  con- 
trived, particularly  for  the  concentration  of  defecated  beet,  juice, 
in  which  the  liquid  is  exposed  in  filnis  to  the  air,  at  a  temperature 
near  that  of  boiling  water.  Most  of  these  arrangements  act  con- 
tinuously, the  juice  to  be  evaporated  being  supplied  uniformly  as 
the  concentrated  sirup  escapes,  which  economizes  manual  labor. 
They  generally  consist  of  hollow  ii^clined  planes,  upon  which  the 
sirup  is  received  at  the  top,  and  heated  by  steam  applied  between 
the  upper  and  lower  surfaces.  To  diffuse  and  retard  the  descent 
of  the  sirup,  so  that  the  action  may  be  of  sufficient  duration,  these 
inclined  planes  haVe  an  undAlated  surface.  Some  of  them  are 
made  of  copper  tubes  closely  soldered  together,  and  which,  while; 
they  present  a  grooved  retarding  Surface,,  also  serve  as  pipes  to 
convey  the  steam.  M.  Deros^e  has  invented  an  apparatus  of  this 
kind,  in  which  he  causes  the  liquid  to  traverse  the  whole  surface 
of  the  inclined  plane,  by  means, of  numerous  strips  of  metal  placed 
across,  and  which  are  not  quite  as  long  as  the  iaclined  plane  is 
broad.  The  space  between  these  strips  forms  a  continuous. chan- 
nel through  which  the  juice  flows  alternately  in  opposite  direc- 
tions, and  thus  passes  slowly  over  the  whole  surface  before  it  ar- 
rives.at  the  bottom. 

Among  the  system?  for  evaporation  by  exposing  thin  films  of 
heated  juice  in  the  air,  that  invented  by  MM.  Martin  and  Cham- 
ponnois  is  probably  the  siinpiest.  It  is  composed  of  a  number  of 
columns,  about  forty  inches  in  diameter,  and  seventeen  feet  in 
height,  made  of  thin  sheet  copper.  Each  of  these  columns  is 
provided  with  a,  circular  receiver  at  top,  wjiiich  .distributes  the 
juicei  as  it  flows  from  a  reservoir,  in  a  thin  sheet  over  the  column* 
As  it  descends,  the  juice  is  evaporated  by  exposure  to  tbe  air  and 
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by  the  heat  forfiished  by  the  steam  within  the  column,  which  is 
supplied  by  a  pipe  from  a  steam  boiler.  Three  successive  opera- 
tions, and  from  seven  to  nine  minutes,  suffice  to  concentrate  ordi- 
nary beet  juice  to  30^  Besides,  the  apparatus  may  be  readily 
cleaned. 

In  the  system  of  M.  D^grand,  which  has  been  employed  by  M. 
Derosne  for  making  cane  sugar,  evaporation  is  performed  by  the 
double  influence  of  air  externaljy,  and  heat  from  steam  within,  ap- 
plied to  a  thin  film  of  juice  upon  a  serpentine  pipe  of  sheet  copper; 
the  steam  being  that  generated  by  the  final  evaporation  of  the  con- 
centrated juice  in  a  vacuum  pan.  (See  plate  iy,figs.  1  &  2, and  des- 
cription; also,  in  the  sequel  of  this  section,  the  article  on  evapora- 
tion in  vacuo.) 

6.  It  seems  to  be  a  disputed  point  whether  or  not  saccharine  so- 
lutions and  juices  are  injured  in  evaporation  by  exposure  to  the 
air.  M.  Payen,  whose  opinion  and  experience  are  entitled  to  great 
credit,  remarks,  that  it  is  the  more  important  to  refute  the  belief 
that  sirups  are  injured  and  rendered  dark  colored  in  evaporation 
by  aa- elevated  temperature,  or  by  the  action  of  the  air  aided  by 
heat,.because  these  views  have  been  sustained  by  eminent  scieptific 
men,  and  given  rise  to  most  ruinous  speculations.  In  corrobora- 
tion of  his  <opinion  that  injury  is  done  rather  by  long  duration  of 
the  heat^  M.  Payen  adduces  the  facts,  that  boiling  for  thirty  or 
forty-five  minutes,  according  to  the  old  system,  deepens  the  col^or, 
and  renders  a  much  larger  quantity  of  sugar  uncrystallizable  than 
rapid  concentration  in  six  or  eight  minutes  by  means  of  a  tilt  pr 
bascule  pan;  that  slow  evaporation,  by  steam,  pf  large  quantities 
of  beet  juice  at  a,  temperature  below  that  of  boiling  water,  far  from 

{producing  a  better  result,  giv£s  very  dark  and  perfectly  uncrystal- 
izable  sirups;  that  slow  evaporation,  either  by  an  open  fire  pr  by 
a  water  bath,  gives  equally  bad, results.  As  for  exposure  to  the 
action  of  the  air  during  concentration,  M.  Payen  remarks  that,  far 
from  considering  it  very  pjrejudicial,  the  effect  should  be  regarded 
as  almost  nothing;  for  comparative  experiments  made  in  vacuo,  in 
carbonic  acid  gas,  in  nitrogen,  and  in  atmospheric  air,  gave  him 
like  results  for  like  temperatures  and  times  of  evaporation. 

Again,  it  is  considered  as  a  fact  fully  established  by  the  use  of 
apparatus  similar  to  that  described  above  in  the  manufacture  of 
beet  sugar,  that  saccharine  juices  do  not  sustain  appreciable  injury 
in  concentration  by  exposure  to,  the  air;  and  for  this  we  have  the 
ajttthority  of  the  most  intelligent  and  experienced  manufacturers 
a'nd  chemists.  On  the  other  hand,  Hochstetter,  who  made  many 
interesting  experiments  on  sugars,  affirms,  ^Hhat  saccharine  juices 
life  rapidly  changed  by  tbe  action  of  the  air,"  and  expresses  the 
opinion  ^^  that  those  systems  of  evaporation  where  beet  juice  drips 
over  warm  surfaces,  (plates,)  and  by  great  contact  with  fhe  air  loses 
its  water,  which  evaporates,  ought  to  b^  rejected  altogether."* 
■     '     ■     ■ 1 1  ■  ■     ■  t ■■  i *■■■■■    ■  ■    ■     ,,    _ ,,, ,         ,11.     I, 

*See  Franklin  lostitifte  Joorna).  March.  1S44<  paffe  179.  translated  from  the  Journal  fbr 
PtakOMhe  ChemiQ,  May;  1843. 
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Still  the  results  of  experience  in  lirge  manufacturing  operations^ 
conducted  by  men  of  such  skill  and  ability  as  MM.  Payen,  Derosne, 
and  others,  are  certainly  more  entitled  to  confidence^  than  any  ex* 
periments  on  a  small  scale. 

6.  With  reference  to  economy  of  fuel,  apparatus  for  evaporation 
by  large  heated  surlfaces  exposed  to  the  air  is  certainly  very  objec- 
tionable; for  not  only  is  the  heat  generated  employed  for  the  con- 
version of  the  water  of  the  juice  into  steam,  but  also  the  air  itself 
in  contact  with  the  apparatus  becoming  heated,  ascends  and  gives 
place  to  Tolder  air,  which,  in  turn,  also  passes  away  in  the  same 
manner— -thus  producing  a  constant  current,  by  which  great  waste 
of  fuel  must  occur.  From  this  objection  the  system  of  MM.  D6- 
grand  and  Derosne  is^  bowevei:,  free;  for  in  it  the  serpentine  tube, 
upon  which  the  juice  is  evaporated  to  27°  Beaum^,  is  employed  as 
a  refrigerator  or^  condenser  of  the  va^^or  within,  to  aid  in  forming 
the  vacuum  in  the  pan.  -  ,       - 

The  steam  employed  for  supplying  by  itd  condensation  the  latent 
heat  requisite  to  convert  the  water  of  the  juice  into  vapor  can  only 
evaporate  a  quantity  equal  to  its  own  weight,  or  to  the  amount  of 
water  from  which  that  steam  was  generated;,  and  as  considerable 
loss  of  heat  must  occur  by  currents  of  air  in  the  use  of  the  abore 
described  app^iratus,  it  follows  that  evaporation  in  vessels  by  steam^ 
applied  by  pipes,  hollow  bottoms,  &c.,  must  be. attended  with  much 
greater  advantages  if  fuel  be  scarce  or  costly,  than  the  employment 
of  systems  by  which  large  surfaces  are  exposed.  And  if  evapora- 
tion in  the  latter  be  very  rapid,  still,  .equal  rapidity  can  be  readily 
commanded  in  other  steam  apparatus  by  extending,  the  heating  sur- 
face, which  is  easily  done,  either  by  increasing  the  number  of  the 
pans  or  «f  the  steam  pipes.  ^  / 

Evaporation  by  artificial  currents  of  air. 

7.  Mr.  G.  W;  Kneller  patented  an  invention  which  was  used  for 
some  time  in  a,  refinery  in  Londp^n,  which,  consisted  of  a  number  of 
pipes  pierced  with  numerous  orifices,  and  immersed  in* the  evapot-- 
ating  pan,  through  which  orifices  cold  air  is  foiced,  by  means. of  a 
bellows  or  other  blowing  machine,  into  the  saccharine  solution. 
The  air  cools  the  liquor,  which  would  otherwise  be  heated  to  a 
high  temperature  by  the  direct  action  of  the  fire,  and  at  the  same 
time  conveys  off  the  vapor  which  it  absorbs. 

8.  In  France,  M.  Hallette  invented  a  concentrating  apparatus, 
which  consists  of  two  concentric  cylinders  placed  in  an  inclined 
position,  which  revolve  about  their  common  axis,  and  aVe  heated 
by  9team  from  a  separate  boiler.  The  space  between  the  two  cyl- 
inders is  closed  at  the  two  ends,  and  constitutes  the  steam  cham- 
ber, by  which  the  heat  is  applied  to  the  juice  which  flows  in  at  the 
top  upon  the  surface  Of  the  inner  cylinder,  and  escapes  below  in  a 
concentrated  state.  The  vapor  generated  by  the  juiee^  and  the 
heated  air  within,  cause  a  strong  current  of  air  to*  pass  through  the 
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revolving  cylinder,  the  revolution  of  which  evidently  serves  to  ex- 
pose constantly  a  thin  film  of  juice  upon  the  inner  surface.  This 
apparatus  is  said  to  have  worked  well  in  an  Austrian  factory,  as 
well  as  in  France,  for  a  number  of  years.  The  juice  is  evaporated 
yery  rapidly  by  it,  but  there  is  of  course  considerable  loss  of  heat, 
and  consequent  wa^te  of  fuel,  by  the  current  of  cold  air  which  is 
continually  passing  in  at  one  end  and  escaping  at  the  other  in  a 
heated  state.  This  current  of  cold  air  must  also^coQdetise  a  con«> 
«iderable  portion  of  yapor  already  liberated,  and  restore  it  to  the 
liquid  state. 

9.  An  apparatus  for  the  evaporation  of  saccharine  juices  by  the 
combined  action  of  hot  air  and  of  steam  has  b^en  invented. by  M. 
Srame  Chevalier,  and  used  both  by  himself  .and  others  for  a  suffi- 
cient length  of  time  to  test  the  principles  thoroughly  upon  whicb 
it  depends.  It  is  composed  of  a  blowing  apparatus,  moved  by  a 
steam  engine;  of  a  vessel  filled  with  tubes  for  heating  the  air;  and 
of  an  evaporating  pan  furnished  with  a  double  bottom,  into  which 
the  air  is  forced,  and  from  which  it  escapes  by  a  large  number  of 
small  orifices  through  the  innex  bottom.  In  this  evaporating  pan  a 
set  of  steam  pipes  is,  also  immersed  with  steam  from  the  boiler  of 
the  engine,  which  contribute  greatly  to  the  effect  of  the  heated  air. 
The  water  formed  by  the  steam  condensed  in  these  pipes  is  con- 
veyed back  to  the  steam  boiler. 

The  vessel  for  heating  the  air  consists  of  a  cylinder  placed  verr 
tically,  and  a  large  number  of  copper  tubes  or  steam  pipes,  which 
receive  steam  from  the  boiler  and  h^at  the  air  which  is  forced 
lengthwise  through  vacant  spaces  between  the  pipes. 

In  -this  apparatus,  five,  or  six  minutes  are  sufficient  for  the  evap- 
oration of  the  sirup,  (such  fas  is  used  in  refining,)  and  the  tempera- 
ture  does  not  exceed  176^  Fahrenheit,  though  the  steam  pipes 
should  be  heated  even  to  300°  Fahrenheit — a  fact  which  is  attrib- 
mted  to  the  large  amount  of  latent-  heat  which  i^  absorbed  by  the 
r^pidily  evaporating  liquor.  But  the  appar&tus  is ;  very  compli- 
cated and  costly,  and  wa.stes  a  large  amount  of  fuel  for  the  pur- 
pose of  heating  air.  As  it  xequires  a  steam  engine  and  other  ex- 
penslve'machinery,  it  must  be  admitted  that  a  vacuum  pan,  which 
requires  a  similar  outlay  of  capital,  but  is  both  established  by  ex- 
perience and  more  economical,  is  certainly  to  be  preferred. 

It  is  worthy  of  mention  that,  by  the  use  of  the  apparatus  of 
«Brame  Chevalier,  the  action  of  the  air  on  sirups  during  the  evapo- 
ration has  been  fully  tested,  and  found  to  produce  no  perceptible 
injury  either  in  quality  or  in  color. , 

Evaporation  hy  flame  in  open  or  close  vessels. 

10.  The  direct  application  of  flame  to  vessels  containing  solu- 
tions to  be  evaporated,  although  used  often  in  other  branches  of 
the  arts  with  perfect  results,  as,  for  instance,  in  generating  steam 
for  engines,  is  yet  attended  with  the  most  decided  injury  when 
employed  for  i^accharine  juices  or  sirups.    So  great  and  so  una-* 
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foidable  is  this  injury^  that  it  no  longer  adqiits  of  doubt  or  ques- 
tion that  all  such  arrangements  should  be  ajiandoned. 

In  the  pans  at  present  generally  used,  t&e, sugar  contained  in  the 
situp  li^hicb  sticks  to  the  sides,  as  well  as  that  which  remains  in 
the  bottom^  is  invariably  burnt  or  caramelized  by  the  fire  whenever 
the  contents  of  the  pan  are  removed  by  dipping;  90  that  Dr.  Ure 
not  inaptly  styles  them  ^^  su^ar  frying  pans.^] 

11.  The  bascule  ox  tilt  pan,  (see  plate -I,  figs.  8  and  9,)  though 
designed,  by  more  rapid  evaporation  and  by  pouring  the  whole 
mass  of  concentrated  sirup  at  once  into  the  cooler,  to  correct  the 
evils  o£  the  common  system,  is  still  but  an  iipperfect  remedy,,  and 
may  be  regarded  as  an  intermediate  step  between  old  ilaulty  ar- 
rangements and  the  new  highly  improved  steam  apparatus.  It  con- 
sists of  a  large  shallow  copper  pan  with  a  spout  or'  lip,  and  turns 
on  an  axis  by  means  of  a  chain  and  pulley,  so  as  to  empty  its  ceui 
tents  into  a  large  copper,  tessel  or  cooler,  and  receives  its  charge 
from  a  reservoir  of  juice  or  sirup  above,  provide^  with  a  stop-cocU 
to  govern  its  aption.  -    • 

Although  the  bascule  pan  evaporates  and  pours  with  great  rapi«> 
dity,  and  thus  prevents  the  sirup  being  long  exposed  to  an  intense 
heat  when  concentrated,  it  is  still  attended  with  gres^t  waste  of 
fuel  in  consequence  of  the  air  and  gas  from  the  fire  passing  into  the 
chiuLuey  at  a  high  temperature.  It  cannot,  therefore,  be  substi- 
•  tuted  for  the  common  train  of  pans  in  places  where  econoiay  of 
fuel  is  desirable;  but,  even  if  the  bascule  pan  were  free  frQm  this 
objection^  evaporation  by  steam  would  be  infinitely  prefera})le,  by 
reason  of  the  perfect  control  it  gives  in  the  applicatioi^  of  l|£fat.   . 

12.  Evaporation  in  close  vessels^—that  is  to  say,  in  such  as  per- 
mit the  escape  of  the  vapor  by-openings  just  large  enough.to  pre- 
vent any  considerable  increase  of  elastic  for.ce  above  that  of  the 
atmosphere — is  more  advantageous  than  in  open  vessels;  for  in  the 
latter,  until  brisk  ebullition  removes  the  stratum  qf  air  incumbent 
upon  the  syrnp  by  the  formation  of  9  sufiScient  volume  of  sleam^  a 
circulation  of  cold  air  from  the  sides  is^stablished,.whl€h  conveys 
away  much  of  the  heat,  and  produces  a  prpportionate  Toss  or  waste 
of  fuel. 

Evaporation  by  steam/  in  opfn  or  close  vessels. 

13.  All  the  numerous  and  various  arrangements  which  have  been 
invented,  and  more  or^less  employ^d,  for  the  evaporation  oT  liquids 
by  steam,  consist  essentially  of  a  boiler,  for  the  generation  of  the 
steam,  similar  to  and  constructed  like  those  used  for  steam. engines, 
and  of  one  or  more  evaporating  pans,  provided  either  with  a  doujble 
bottom  or  a  steam  pipe,  and  sometimes  with  both,  for  the  applica- 
tion of  the  steam.  | 

The  evaporation   of  syrup  by  steam  is  attended  with  great  ad- 
vantages: first,  because  they  cannpt  so  readily  be  injured  by  over- 
heating; secondly,  because  the  operation  caa  at  will,  and  instanta* 
16 
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n^ously,  be  either.commenced,  arrested, ^r  continued  at  a  constant 
and  suitable  temperature;  and,  lastly,  because  a  single  steam-boiler 
serves  to  aupply  any  number  of  eyaporating  pans^  and,  therefore, 
the  loss  of  heat  which  occurs  by  multiplying  the  number  of  fur- 
naces is  avoided,  as  a  single  furnace  answers  for  the  whole. 

Although.,  if  the  furnaees  be  so  constructed  as  to  render  the  heat 
developed  by  the  combustion  of  a  given  amount  of  fuel  equally 
available  in  each  case,  evaporation  by  steam  will  be  as  economical 
as  by  the  direct  action  of  the  fire,  it  cannot,  however,  be  attended 
with  actual  gain;  for  it  may  be  considered  self-evident  that  the 
steam  generated  by  the  consumption  of  any  given  amount  of  fuel 
cannot  give  out  in  condensation  more  heat  than  is  required  for  the 
vaporization  of  a  quantity  of  water  equal  to  that  from  which  the 
steam  was  formed.* 

14.  It  is  of  great  consequence  that  the.pans  should'presefat  a  suf- 
ficient extent  of  evaporating  surface;  for  upon  that  chiefly  will  de- 
pend the  rapidity  with  which  they  will  operate.  It  matters  not 
whether  this  surface  be  presented  by  a  double  bottom,  or  by  pipes, 
provided  the  metal  be  endowed  with  equal  power  of  transmitting 
heat,  for  it  has  been  ascertained  that  form  has  np  effect  upon  the 
generation  of  steam,  though  upon  it  depends,  to  a  great  extent,  the 
strength  of  the  apparatus,  especially  in  resisting  the  ela^stic  force 
of  the  ateam.  That  the.  evaporating  power  of  any  apparatus 
depends  upon  th«  surface  exposed,  is  evident  from  the  considera-* 
tion  of  the  phenomena  which  occur.  The  heat,  whether  communi- 
cated by  radiation,  and  contact  with  flame  and  hot  air,  or  by  the 
application  of  steam,  is  received  first  by  the  exterior  surface;  from 
this  surface  it  is  qonducted  from  particle  to  particle  of  the  metal, 
until  it  arrives  at  the  inper  surface,  where  it  i»  absorbed  by  the 
particles  of  the  Jiquid  immediately  next  to  the  metal,  causing 
these  particles  either  to  expand  and  rise  to.  a  higher  level,  at  the 
same  time  giving  place  to  others,  or  else  converting  them  into 
steam.  The  quantity  of  heat  absorbed,  and  the  number  of  liquid 
particles  acted  upon,  will,  of  course,  be  proportional  to  the  extent 
of  heating  surface;  and  if  the  exterior  syrface  be,  as  it  is  in  all 
pans,  heated  by  steam,  kept  at  a  constant  temperature^  then  the  quan- 
tity of  heat  transmitted  from  the  exterior  to  the  interior  surface 
will  be  directly  as  the  conductibility,  and  inversely  as  the  thick- 
ness, of  the  metal  forming  Jhe  pan. 

As  the  conducting  power  of  the  metal,  of  which  the  evaporating 
pan  is  composed  is  a  matter  of  some  importance^  it  is  a  fact  which 
should  be  borne  in  mind,^that  copper  conducts  heat  more  rapiJly 
than  iron;  and  these  are  the  only  metals  which  car  be  used  for  the 
evaporation  of  saccharine  solutions.  Copper  possesses  also*  the 
advantage  of  being  less  readily  oxydized;  and  though  its  first  cost  is 


*  This  proposition  maybe  put  in  another,  and  to  sooie,  perhaps,  a  more  evident  form:  the 
tfteam  from  the  boiler  is  a  mere  heat-carrier,  tooonTOy  what  it  receives  to  the  juice;  give  it 
«  and  retorn.    It  may  lose  part  by  the  way,  bat  caa  create  aothiog. 
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mach  greater  than  that  of  iron,  when  worn  out  it  sells  f(>r  nearly 
as  much  as  the  original  value  of  the  materials.  For  resisting  the 
force  of  high  steam,  and  for  sustaining  pressure,  the  superior 
strength  of  iron  entitles  it  to  preference:  besides  these,  there  are 
other  comparatiye  advantages  and  disadvantages  in  working,  fami- 
liar to  those  who  manufacture  such  apparatus,  and  which  materi- 
ally affect  .the  cost;  but  such  is  at  present  the  skill  of  these  manu- 
facturers, that  it  may  perhaps  be  confidently  asserted  that  any 
thing  can  be  made  of  iron  which  it  is  possible  to  make  of  copper^ 
and  conversely. 

15.  To  combine  great  resistance  to  the  elastic  force  of  steam 
with  facility  in  transmitting  heat,  steam  pipes  of  small  diameter 
^say  one  or  two  inches)  are  preferable  to  large  double  bottoms;  for 
the  strength  of  hollow  bodies,  when  subjected  to  the  action  of  dis- 
ruptive forces,  is  inversely  proportional  to  their  diameters:  pipes 
may,  therefore,  be  made  thinner  than  double  bottoms;  and  we  may 
thus  attain  rapidity  of  evaporation  without  loss  of  strength  to  the 
apparatus.  But,  in'  reducing  the  thickness  of  the  metal,  we  must 
not  diminish  the  heating  surface;  for  the  amount  of  beat  gathered 
either  from  flame  or  steam  depends  upon  that  surface,  as  we  have 
already  seen;  and  if  we  at  the  same  time  decrease  both  the  thick- 
ness and  the  surface  of  the  pan,  we  counteract  by  one  change  the 
advantage  which  we  derive  from  the  otheif.  . 

16.  In  using  steam  for  the  evaporation  of  liquids,  it  is  of  the 
utmost  importance  that  atmospheric  air  should  be  entirely  and  rea- 
dily expelled  from  the  apparatus  at  the  commencement  of  the  ope- 
ration; for  air  is  not  only  a  bad  conductor  of  heat,  but  it  also 
opposes  considerable  resistance  to  the  circulation  of  vapor  through 
it;  and  it  therefore  serves  both  to  diminish  the  heating  surface) 
which  is  limited  tx>  that  in  contact  with  steanv,  and  also  to  retard 
the  replacement  of  condensed  steam  by  fresh  portions  thereof. 
When,  however,  the  apparatus  is  filled  with  steam  only,  this  steam 
condenses  and  forms  a  vacuum  with  the  metal,  which  Vacuum  is 
instantly  filled  again  with  steam,  to.be  in  turn  condensed.  Thus 
successive  portions  of  steam  give  off  their  heat,  and  a  rapid  circu- 
lation takes  place. 

17.  In  every  arrangement  intended  for  evaporation  by  steam,  it 
is  important  that  the  water  formed  by  the  condensation  of  the 
steam  should  readily  escape,  so  that  it  may  not  obstruct  the  appa- 
ratus; and  if  this  water  be  conveyed  back  to  the. boiler,  it  will  not 
only  serve  to  replenish  it,  but  also,  by  reason  of  the  heat  retained| 
be  productive  of  economy  of  fuel.  > 

18.  In  the  use  of  high  steam  for  evaporation,  constant  care  and 
vigilance  are  necessary,  for  the  operation  goes  on  much  more 
rapidly  at  first,  and  the  consumption  of  steam  decreases  as  the 
liquid  becomes  more  and  more  concentrated.  The  pressure  of  the 
steam  xxHist  therefore  be  constantly  watched,  and  the  fire  regulated 
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accordingly.  This  should  be  done  by  a  mercurial  gauge,  and  not 
by  the  safety-valve  alone.  If  a  number  of  evaporating  pans  be 
worked  at  the  same  time,  the  superintendent  may  follow  a  sys- 
tematic order  of  operations,  which  will  keep  the  amount  of  work 
nearly  constant,  and  in  a  great  measure  avoid  irregularities  in  the 
pressure  of  the  steam;  a  self-rfgulating  damper  is  highly  desirable. 

19.  Of  .the  numerous  arrangements  of  open  evaporating  pans 
furnished  with  steam  pipes,  that  of  Taylor  was  the  first,  and  it  has 
perhaps  had  more  influence  upon  the  beet-sugar  industry  of  France,^ 
and  been  more  fully  tested,  than  any  other.  Although  more  perfect 
arrangements  have,  to  a  great  ejttent,  superseded  it,  still  it  is  par- 
ticularly worthy  of  notice,  since  it  may  be  considered  the  next 
step,  after. the  bascule  pan,  in  the  progress  of  the  manufacture  of 
beet  sugar.  .  For  a  more  full  description  of  it,  see  plate  II,  figures* 
1,  2,  and  3,  and  the  explanation.  It  consists  essentially  of  a  pan 
and  a  series  of  double  concentric  tubes,  so  connected  together  that 
they  form  a  sort  of  grate,  movable  upon  an  axis  at  one  end,  that 
they  may  be  ejevated  to  permit  the  pan  to  be  cleaned.  The  axis 
upon  which  the  system  of.  tubes  turns  is  divided  lengthwise,  by  a 
diaphragm,  into^two  Chambers.  The  steam  which  is  conveyed  into 
one  of  these  chambers  passes  thence  through  the  inn^r  tubes,  and 
rettirns  by  the  channel  between  the  outer  and  inner  tubesinto  the 
other  chamber  of  the  axis.  From  this  chamber  the  rondensed 
water  is  drawn  off,  to  be  carried  back  into  the  boiler.  When  the 
sirup  is  sufficiently  evaporated,  the  pan  is  emptied  through  the  bot- 
tom, by  a  cock  for  the  purpose.  The  objections  to  Taylor^s  pan 
are,  its  complicated  structure)  and  the  /Coirsequent  liability  to  de- 
rangement and  difficulties  of  workmanship.  The  inner  tubes  pre- 
sent no  evaporating  surface,  while  they  add  considerably  to  the 
weight  of  metal,  and  therefore  to  the  first  cost. 

20.  A  much  more  simple  arrangement  has  been  contrived  by  M. 
JDubrunfaut,  and  which  is  said  to  be  successfully  used  in  France, 
(see  plate  11^  figs.  4  and  5.)  It  consists  of  a  simple  continuous 
tube,  passing  baqkwards  and  forwai-ds  a  number  of  times;  the  two 
ends  of  which  serve  not  only  for  the  entrance  and  escape  of  the 
steam,  but  also  as  pivots  upon  which  the  beat  tube  turns  when  the 
pan  is  cleaned.  If  this  tube  be  constructed  of  metal  svfficiently 
thin  to  transmit  heat  with  great  rapidity,  it  would  perhaps,  be 
wahting  in  strei^gth.  A  more  serious  objection  to  this  apparatus 
lies  in  the  difficulty  of  constructing  tent  tubes  of  copper,  which 
are  very  apt  to  leak,  even  if  tight  at  first,  after  they  have  been  sub- 
jected for  a  short  time  to  the  changes  of  temperature  which  occur 
in  use,  and  especially  when  the  curves  are  small. 

21.  Other  pans  have  been  used  which  are  provided  with  a  ser- 
pentine tube,  somewhat  similar  to  the  prdinary  worm  of  the  dis- 
tiller; the  spires  of  which',  however,  are  situated  nearly  in  the 
same  plane.  Of  these,  that  of  Hallette  (for  a  more  particular  de- 
fcription  of  which,  see  plate  II,  figs.  6  and  7)'  is  probably  one  of 


^45  [  50  ] 


the  best.  The  tube  forms  two  concentric  parallel  spirals,  and  the 
steam  passes  inwards  through  one  of  these  spirals  until  it  arrives 
at  the  common  centre,  whence  it  again  flows  outwards  by  the  other 
spiral.    "• 

22.  Besides  the  arrangements  above  described.,  that  invented  and 
constructed  by  M.  Pecqu^ur  is  worthy  of  mention.  The  tubes  pro- 
ceed from  a  common  steam  pipe;  and  having  traversed  the  extent 
of  the  pan,  they  en4  in  a  common  escape  pipe.  The  pan  itself,  as 
well  as  the  set  of  tubes  independently  of  the  pan,  turns  upon  the 
axis  formed  by  the  steam  and  escape  pipes.  .  ^ 

In  appearance  this  pan  somewhat  resembles  Taylor/;  pan,  but  it 
differs  entirely^  in  that  the  pair  may  be  considered  a  bascule  pany 
and  that  the  tubes  are  not  double;  the  axis  .also  i^  formed  of  two 
short  pipes.  M.  Pecqueilr  has  constructed  two  or  three  hundred 
pans  of  this  description^  and  they  have  been  employed  satisfactorily 
in  France.  The  chief  advantage  of  M.  Pecq^ueur's  apparatus  is 
that  the  short  length  of  the  tubes  allows  the  steam  to  retain  much 
of  its  elastic  force,  and  to  return  through  them  without  being  con- 
densed into  the  boiler.  The  steam  is  thus  used  at  a  higher  tem- 
perature, and  the  juice  is  evaporated  more  rapidly. 

23.  An  apparatus  exactly  similar  to  that  of  M.  PeCqueur  has 
been  patented  in  this  country  by  Mr^  Harris;  in  Cuba  I  saw  one 
wVich  had  been  put  up  on  the' Saratoga  estate,  but  which  had  failed 
to  give  satisfaction.  It  was  made,  I  was  informed,  at  one  of  the 
most  justly  celebrated  machine  factories  of  this  country,  and  any 
faults  it  may  be  subject  to  are  therefore  to  be  attributed  rather  to 
erroneous  mechanical  contrivance  than  unskilful  workmanship. 
When  on  that  estate,  I  requested  and  obtained  the  permission  of 
the  intelligent  administrator  to  try  some  experiments  with  this  ap- 
paratus; and  when  the.  steam  was  admitted  at  the  pressure  of  twe 
and  a  half,  atmospheres,  I  found  that  the  joints  by  which  the  tubes 
were  connected  to  the  axis  were  very  open,  permitting  the  steam 
to  escape  freely  into  the  sirup.  The  manner  in  which  these  joints 
were  made  had  apparently  been  the  cause  of  the  failure  of  the  ap- 
paratus. Notwithstanding  this  escape  of  steam  into  the  sirup,  so 
great  was  the  evaporating  power  of  the  tubes  that  the  juice  was 
concentrated  more  rapidly  than  in  the  common  pans,  and  yielded  a 
superior  sugar.  Had  the  joints  been  tight,  I  do  not  doubt,  from 
the  results  obtained,  that  the  rapidity  of  evaporatit>n  by  this  ap- 
paratus would  have  been  four  times  as  great  as  that  of  the  Jamaica 
trains  used  on  that  estate. 

Many  other  arrangements  have  been  tried,  but  they  are  all  simple 
modificatiotis  of  thos6  described;  the  serpentine  tube  and  the  sys- 
tem of  Taylor  are  types  from  which  they  are  copied^  with  such 
variations  only  as  convenience  of  workmanship  and  use  may  have 
suggested. 

1  am  not  aware  that  the  evaporation  of  saccharine  solutions  in 
«lose  vessels  and  by  high  steam  has  been  tried,  or  thought  desirablci 
by  any  one.     It  WQuld  doiibtless  be  attended  with  economy  of  fuel 
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to  a  slight  extent  by  preventing  a  circulation  of  air  in  contact  witl^ 
the  liquor,  and  the  consequent  abstraction  of  vheat. 

24.  In  the  refineries  and  beet-sugar  establishments  of  France  the 
evaporating  pans  are  furnished  with  wooden  covers,  in  which  there 
are  openings  <^ommunicating  with  flues  or  chimifkeys,  also  of  wood, 
and  which  serve  to  carry  off  lh«  immense  volume  of  vapor  pro- 
duced. (See  pkte  II,  fig.  5.)  This  vapor,  if  allowed  to  diffuse 
itself  in  the  building,  would  constitute  a  cloud  sufficiently  denfte  ta 
render  it  impracticable  to  see  things  distinctly  even  at  short  dis- 
tances. 

Evaporation  in  vacuo  and  by  steam> 

25.  When  evaporation  takes  place  in  vacuo,  it  is  almost  instan- 
taneous. The  density  and  consequent  quantity  of  water  composing 
a  given  volume  of  the  vapor  formed  depend  only  upon  the  tenipe- 
lature;  the  total  amount  of  vapor  given  off  is  equal  to  that  required 
to  fill  the  space  occupied  by  the  vacuum;  and  the  latent  heat  ab- 
sorbed is  sufiScient  to  heat  a  quantity  of  water  equal  to  that  con- 
tained in  the  vapor  through  1000  degrees  Fahrenheit,  or  five  and  a 
half  times  the  st\me  quantity  from  the'  freezing  to  the  boiling  point. 
If,  by  means  of  an  exhausting  pump  or  by  condensation,  the  vapor 
ia  then  entirely  removed,  and  the  vacuum  re-.established,  an  equal 
quantity  wijl  be  again  formed;  this  in  turn  may  be  removed,  that 
another  portion  may  take  its  place,  and  so  on  indefinitely;  the  re- 
quisites to  the  continuity  of  the  operation  being  a  constant  supplj 
of  water  to  be  evaporated,  and  of  heat  to  replace  that  which  be- 
comes latent  and  is  absorbed  by  the  vapor,  combined  with  the 
prompt  removal  of  the  vapor  by  an  air  pump,  or  by.  condensation 
in  a  separate  vessel. 

From  the  above  it. is  evident  that,  by  reason  of  the  great  amount 
of  latent  heat  absorbed,  evaporation  by  steam  and  in  vacuo  will 
take  place  at  a  low  temperature,  as  well  as  with  great  rapidity. 
The  rapidity  of  the  operation  will  depend,  however,  upon  the  per- 
fection of  the  vacuums  It  is  impracticable  to  form  a  perfect 
vacuum;  and  a  partial  one  retards  the  operation.  If  it  contain 
vapor  this  will  occupy  the  place,  and  prevent  the  formation  of  an 
equal  quantity.  And  if  air  b^  present,  the  escape  of  the  vapor 
will  be  obstructed  by  it;  as,>  in  illustration,  water  flows  swiftly 
through  an  opcU  tube,  but  finds  its  way  very  slowly  in  one  filled 
with  sand  or  other  porous  substances.  /  Practically,  the  vacuum 
pan  has  been  found  to  evaporate  with  great  comparative  rapidity^ 
and  at  very  low  temperatures,  even  though  the  realization  of  a  per- 
fect vacuum  be  a  mechanical  impossibility.  Indeed,  the  skill  of 
the  machinists  of  the  present  day  is  such  that  some  of  the  vacuum 
pans  made  by  them  leave  little  or  nothing  to  be  desired,  so  that  for 
all  practical  purposes  they  may  be  considered  perfect. 

Four  different  systems  for  evaporating  in  vacuo  have  been  in- 
vented and  successfully  established:  one  by  Howard;  another  by 
Both;  a  third  by  D^gran^,  modified  by  D6rosne;  and  lastly  that  of 
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Rillieux.  The  vacuum  pan  of  Howard  has  not  only  the  merit  o£ 
priority  of  invention,  but  also  of  being  one  of  the  simplest  and 
most  perfect,  as  well  as  the  type  from  which  the  others  are  all  more 
or  less  copied. 

26.  Hdward^s  vacuum  pan. — This  apparatus,  as  constructed  by 
William  Oaks  &  Son,  of  London,  consists  of  a  close  vessel,  nearly/ 
spherical  in  form,  and  with  a  double  bottom,  between  the  plates  of" 
which  the  steam  is  received,  which  heats  the  sirup  to  be  evaporated'^ 
A  pipe  draws  oflf  from  this  double  bottom  the  water  of  condensa- 
tion, while  a  larger  pipe,  closed  with  a  movable  stopper,  and  pas- 
sing through  both  plates  of  the  double  bottom,  permits  the  sirup 
to  be  removed  from  the  interior  when  it  has  been  sufficiently  con- 
centrated. At. the  top  of  the  spherical  pan  two  pipes  enter;  one 
of  which  supplies  the  sirup  to  be  evaporated,  and  the  othejr  leads 
to  the  air-pump  which  is  employed  to  form  the  vacuum.  A  ther- 
mometer and  a  barometer  are  attached  to  the  pan,  by  which  the 
temperature  and  pressure  are  indicated,  so  that  the  workmen  may 
know  exactly  the  condition  of^  the  contents  of  the  pan.  And  for 
inspecting  the  sirup  itself  directly,  a  complicated  '^  proof-stick '^  or 
brass  rod,  having  a  cavity  in  its  side,  passes  into  the  interior  of  the 
pan;  this  rod  may  be  drawn  out  with  a  portion  of  the  sirup  in  the 
cavity  without  admitting  the  air.  Attached  to, the  pipe  leading  to 
the  air-pump  there  is  a  reservoir,  intended  to  receive  and  hold  any 
portion  of  sirup  which  may  accidentally  pass  over;  and  sometimes 
the  vapor  passes  first  into  ^  condenser,  where  h  is  in  part  con- 
densed by  the  injection  of  cold  water,  and  afterwards  into  the  air- 
pump;  an  arrangement  similar  to  that  used  in  Watt's  lower-pres- 
sure or  condensing  steam  engine. 

Howard's  vacuum  j/an  has  been  variously  modified  and  improved; 
but  the  description  given  above  will  probably  serve  to  convey  an 
idea  of  all  important  features.  It  has  also  been  constructed  of  a 
different  form.  Mr.  Morgan,  of  Louisiana,  who  was  the  first  to  in- 
troduce the  vacuum  pan.  into  that  State  for  the  evaporation  of  cane 
juice,  and  whose  long  experience  entitles  his  opinion  to  great  re- 
gard, now  uses  and  prefers  vacuum  pans  of  a  cylindrical  form. 
The  principal  objection  to  the  use  of  the  apparatus  of  Howard, 
and  which  has  prevented  its  more  general  adoption,  has  been  its 
cost.  The  results  it  has  yielded  may  be  considered  perfect  with 
respect  to  the  quality  of  the  sugar;  but  as  the  air-pump' is  worked 
by  a  steam  engine,  a  larger  outlay  or  investment  of  capital  is  re^ 
quired  than  many  have  been  able  to  afford.  Since  many  planters 
are,  however,  obliged  to  Employ  steam  engines  for  grinding  the 
cane^  I  must  confess  that  I  am  somewhat  surprised  that  the  vacuum 
pa^  has  not  been  more  generally  used  by  them.  Where  water- 
power  can  be  commanded  for  workibg  the  air-pump,  Howard's  pan 
may  be  employed  with  great  advantage  an.d  economy;  nor  would 
it  then  be  found  very  cosily,  as  it  is  perjiaps  the  simplest  arrange- 
ment yet  contrived.  .  , 

Whenever  a  steam  engine  is  used  to  create  the  vacuum,  there 
is  probably   no  greater   economy  of   fuel  in  the    employment    of 
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Howard's  pan  than  in  the  common  trains^  with  open  kettles;  for, 
since  the  effect  is  in  both  cases  the  ,same,  to  wit,  the  evaporation 
of  a  given  quantity  of  water  from  the  juicey  we  may  fairly  conclude 
that  to  produce  that  effect  a  given  amount  of  fuel  must  be'con- 
sumed.  Nor  will  it  matter  wh-ether  the  power  developed  by  the 
combustion  of'this  fuel  be  applied  directly,  as  in  the  comn^on 
trains  of  pans,  or  indirectly  by  means  of  a  steam  engine,  an  air- 
pump,  and  a  vacuuti),  since  we  cannot  create  power  by  mechanical 
arrangements,  though  we  v^ry  them  never  so  intricately  and  inde- 
finitely. 

27.  RotVs  vacuum  fan. —To  obviate  the  necessity  and  heavy 
cost  of  the  steam  engine  employed  to  form  th^  vacuum  in  Howard's 
pan,  a  different  apparatus  was  invented  in  France  by  M.  Roth, 
which  has  been  used  extensively  both  by  the  manufacturers  of  beet 
sugar  and  by  the  refiners  of  that  country.  The  vacuum  is  formed 
by  condensation  only,  in  a  lac^e  and  separate  condenser.  (See 
plate  III,  figures'^!,  2,  and  3.)  In  other  respects  this  apparatus  is 
very  similar  to  that  of  Howard,  above  descrioed.  To  give  greater 
heating  surface,  M.  Roth  introduced  a  serpentine  tiroe  into  the 
evaporating  pan,  by  which  improvement  the  syrup  is  concentrated 
very  rapidly.  The  vacuum  formed  by  Roth's  apparatus  is  less 
perfect  than  that  produced  by  Howard's,  and  it  requires  a  large 
quantity  of  water — five  gallons  for  every  gallon  of  juice  evapo- 
rated; it  can,  therefore,  be  used  only  where  there  is  a  large  supply 
of  water,  as  well  as  of  fuel.  There  is  evidently  no  mt)re  economy 
of  fuel  in  the-use  of  this  apparatus  than  of  open  pans,  heated  by 
steam,- or  directly  by  the  flame,  and  in  thf  ordinary  trains.  The 
principal  advantages  are,  that  the  temperature  of  the  sirup  does 
not  exceed  175^  Fahrenheit,  and  the  small  cost  comparatively  to 
that  of  Howard's  pan..  The  system  of  Roth  has  not,  to  my  knowl- 
edge, been  used  in  this  country  or  in  the  West  Indies. 

28.  System  of  MM.  Derosne  and  Deg-rflwd.— The  apparatus  of 
M.  Degrand  has  of  late  yiears  been  used  in  France  in  the  manufac- 
ture of  beet  sugar,  and  mUch  preferred  to  that. of  Roth,  for  the 
reasons  that  it  requires  less  water  to  form  the  vaciium;  that'  it  is 
attended  with  greater  economy  of  fuel,  and  that  the  vacuum  need 
only  be  formed  once,  and  at  the  comm'encem^ent  of  the  Work.  The 
system  of  Degrand  differs  from  that  of  Roth  in  three  important 
features:  first,  in  the  form  of  the  condenser;  secondly,  in  the  use 
of  the  beet  juice  instead  of  water  for  condensation;  lastly,  in  dis- 
charging the  concentrated  sirup  into  a  close  vessel  attached  to  the 
evoporating  pan,  and  in  which  a  vacuum  has  been  formed,  so  as  to 
prevent  the  entrance  of  air  at  every  strike, 

The  condenser  is  composed  of  a  serpentipe  tube,  the  folds  of 
which  lie  all  horizontally  in  one  vertical  plane,  and  the  condensa- 
tion is  effected  not  by  injection  of  water  within,  but  by  application 
of  beet  juice  on  the  outside  of  this  tube.  The  juice  for  this  pur- 
pose is  permittjBd  1o  fall'in  fine,  streatas  -upon  the  first  foJd,..from 
which  it  descends  similarly  to  the  successive  folds.     A  thin  film  of 
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juice  is  thus  exposed  upon  the  tube,  which,  in  condensing  the  steam 
within,  sibsorbs  its  latent  h^at,  and  passes  off  in  part  as  vapor  with 
the  carrent  of  air  which  is  established  by  the  assent  of  those  por- 
tions thereof  which  come  ia  contact  with  the  serpentine  tube  and 
are  expanded  by  its  heat.  It  is  to  this  mutual  employment  of  the 
latent  heat  contained  in  the  vapor  of  the  more  concentrated  sirup, 
for  the  evaporation  of  a  portion  of  the  water  in  the  fresh  beet 
juice,  and  conversely  of  the  latter  for  the  formation  of  a  vacuum 
by  the  condensation  of  the  former,  that  the  superiority  of  the  sys- 
tem of  D^grand  must  be  ascribed.'  In  all  the  preceding  arrange- 
ments, this  latent  heat  of  the  vapor  from  the  sirup  has  been  per- 
mitted to  pass  off  entirely,  thereby  causing  great  loss  of  heat  and 
expenditure  of  fuel. 

M.  Derosne,  whose  name  is  connected  with  so  many  valuable  im- 
provements in  the  manufacture- of  sugar,  has  considerably  modified 
the  apparatus  of  D^grand.  Plate  IV,  figures  1  and  2,  will  furnish 
an  idea  of  this  improved  apparatus.  It  represents  the  arrange- 
ment such  as  I  have  seen  it  in  operation  in' the  island  of  Cuba,  on 
the  estate  of  Don  Villa  Urutia,  and  on  the  Amistad  estate  near 
Guines;  and  which  arrangement  is,  I  believe,  the  present  most  ap- 
proved form.  M.  Derosne  produces  the  vacuum  by  means  of  an 
air  pump,  aided  by  a  condenser  formed  of  two  of  D^grand's  serpen- 
tine tubes,  using  the  saccharine  juice  for  condensation;  in  conse- 
quence of  which  condenser,  the  vacuum  is  maintained  readily  by  a 
far  less  powerful  and  expensive  steam  engine  than  that  required  for 
Howard's,  pan.  He  has  also  attempted  to  heat  the  vacuum  pan  b^y 
means  of  the  vapor  from  sirup  evaporated  under  pressure  and  by  high 
steam  in  a  separate  and  close  vessel.  Both  of  the  evaporating 
pans  were  heated  by  internal  tubes  only,  and  were  therefore  with- 
out hollow  bottoms.  In  the  first,  the  juice,  as  it  came  from  the  ser- 
pentine condenser  was  concentrated  to  27^  Beaume;  and  in  the 
second,  or  the  vacuum  pan,  it  was  then  evaporated  to  granulation. 
The  heat  contained  in  high  steam  was  therefore  used  three  times 
successively,  before  it  was  allowed  to  pa^s  off:  first,  for  concentrat- 
ing juice  to  2T;  secondly,  for  evaporation  in  vacuo;  and,  thirdly, 
in  the  tubes  of  Degrand  for  evaporating  the  film  of  juice  oh  their 
exterior  surfaces;  after  which  it  escapes.  That,  from  this  triple  use 
of  the  heat  containedi  in  the  steam,  great  economy  of  fuel  should 
ensue,  follows  as  a  necessary  consequence,  but  I  have  no  knowl- 
edge x)f  the  result  of  the  experiment.. 

• 

29.  From  the  preceding  description  and  discussion  of  this  appa- 
ratus, it  is  evident  that  the  only  advantage  of  the  system  of  De- 
grand over  the  vacuum  pftu  of  Howard  is  greater  economy  of  fuel| 
resulting  from  the  s^uccessive  use  of  the  latent  heat  contained  in  the 
steam.  Both  give  perfect  results  with  respect  to  the  quality  of 
the  sygar.  A  specimen  of  sugar  made  with  D^grand's  apparatus 
on  the  Amistad  estate,  and  taken  by  myself  at  random  from  a  large 
quantity,  has  yielded  me  100  per  cent,  as  the  result  of  chemical 
analysis,  being  therefore  apparently  pure.  Its  solidity,  crystalline 
grain,  and  beautiful  transparent  whiteness,  are  also  equal   to  thtyse 
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of  refined  loaf  sugar,  for  which  it  would  be  mistaken.  To  produce 
this  result,  however,  .the  use  of  boneblack  filters  is  indispensable. 
From  cane  juice  similarly  defecated  and  decolorized,  equally  per- 
fect results  are  obtained  with  Howard's  pan,  which  has  been 
employed  so  long  and  so  extensively  by  the  refiners,  that  its  use 
and  construction  have  been  thoroughly  studied  and  perfected  by 
practical  experience. 

The  disadvantage  of  the  system  of  Derosne  is  its  very  compli- 
cated structure,  rendering  it  extremely  difficult  of  manufacture, 
and  liable  to  frequent  derangement.  None  but  workmen  of  the 
highest  order  of  skill  could  either  make  or  properly  repair  such  aa 
apparatus.  In  consequence. of  this  complexity,  Derosne's  appara- 
tus must  also  be  very  expensive,  both  in  its  original  cost  and  in  its 
repairs.  In  estimating,  therefore,  the  respective  merits  of  How- 
ard's pan  and  Derosne's  train,  the  interest  on  the  capital  invested, 
the  expense  of  repairs,  and  the  fuel  and  labor  required  by  each, 
are  the  items  which  constitute  the  data  of  the  comparative  calcu- 
lation; and  if,  after  summing  up  these  items,  it  does  not  appear 
that  the  greater  economy  of  fuel  in  Derosne's  system  exceeds  the 
difference  of  expense  in  interest,  labor,  and  repairs,  then  we  must 
conclude  that  the  new  system  of  Derosne  presents  no  advantages 
over  the  old  and  fully  tested  vacuum  pan  of  Howard.  I  regret 
that  I  have  not  the  data  requisite  to  make  this  calculation.  Per- 
haps such  data  cannot  at  present  be  obtained;  for  though  the  cost 
of  Derosne's  apparatus  is  known,  the  economy  of  fuel  and  expense 
of  repairs  probably  are  not.  The  latter  would,  of  course,  vary 
with  the  workmanship.  The  trains  which  I  examined  in  Cuba 
were  made  in  France  by  M.  Derosne  himself;  their  workmanship 
was  apparently  excellent'.  The  results  which  had  attended  their 
use  it  was  impossible  to  arrive  at;  for  while  on  the  estate  of  Don 
Villa  Urutia  bankruptcy  had  been  the  consequence  of  the  experi- 
ments of  the  enterprising  owner,  the  Messrs.  Diago,  on  the  con- 
trary, were  said  to  be  realizing  immense  profits,  not,  however, 
from  the  manufacture  of  sugar  from  cane  juice  alone,  but  also  by 
buying  up  the  inferior  sugars  of  their  neighbors,  and  refining  them 
into  articles  of  the  first  quality.  It  is  a  false  rule,  however,  to 
judge  of  the  merits  of  an  invention  by  the  success  or  failure  of  par- 
ticular persons  who  may  have  used  it;  for  the  economical  result 
depends  not  less  upon  the  intelligence  and  business  habits  of  the 
individual,  than  upon  the  machine  itself. 

In  France,  and  in  the  islands  of  Guadaloupe  and  Martinique,  M. 
Derosne  has  ^Iso  introduced  his  apparatus;  but  with  what  results, 
I  have  no  accurate  means  of  knowledge.  In  the  island  of  Mar- 
tinique, MM.  L^baudy  and  Derosne  are  said  to  have  obtained  the 
monopoly  of  the  manufacture  of  sugar  by  Derosne's  improved 
method,  and  to  have  established  large  central  refineries.* 

In  Lousiana,  during  the  past  year,  a  Derosne  train  has  been  put 
up  on  the  plantation  of  Mr.  Lapice,  by  the  skilful  machinists  of  the 
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Hovelty  WorkS)  in  New  York.  Its  estimated  cost  I  understand 
to  be  not  less  than  that  of  those  in  Cuba.  Fr«in  the  results  which 
may  attend  this  enterprise  the  planters  of  the  State  of  Louisiana 
may  fairly  judge  of  the  system;  for  such  is  the  character  of  the 
workmanship  executed  by  those  machinists,  that  the  merits  of  the 
apparatus  will  certainly  be  fairly  tested. 

If  an  abundance  of  fuel  can  be  rteadily  commanded,  I  do  not 
hesitate  to  express  the  opinion  that  Howard's  vacuum  pan,  com- 
bined with  an  open  pan,  heated  by  steam  for  ■  concentrating  the 
juice  to  27°  Beaum6,  is  decidedly  to  be  preferred  to  the  apparatus 
of  Derosne,  even  at  equal  cost,  though  the  price  of  the  latter  would 
probably  be  far  greater;  for  while  the  vacuum  pan  of  Howard  has 
been  fully  tested,  and  perfected  by  experience  in  its  construction 
and  arrangements,  so  that  we  may  safely  rely  upon  certainty  of 
results,  the  system  of  Derosne  is  comparatively  new  and  untried. 
Should  accidents  occur,  the  pan  of  Howard  may  be  repaired  by 
workmen  of  ordinary  skill;  but  the  complicated  and  delicate  struc- 
ture of  Derosne's  apparatus  renders  it,  perhaps,  a  task  of  no  easy 
character  to  repair  it  when  necessary;  and  if,  by  accident,  the 
work  is  at  any  time  arrested  during  the  grinding  season,  heavy  loss 
may  ensue. 

In  forming  an  opinion  of  the  Derosne  train,  the  quality  of  the 
sugar  manufactured  by  it  is  not  the  only  criterion  by  which  to 
judge  of  its  merits;  for  this  is  to  be  ascribed  to  the  system  of  de- 
fecation, and  to  the  use  of  boneblack  filters,  according  to  the  me- 
thod employed  in  the  beet  sugar  industry  of  France,  and  which  is 
adopted  by  M.  Derosne  for  cane  juice,  rather  than  to  the  construction 
of  his  vacuum  pan.  And  it  should  be  borne  in  mind,  that  if  the 
juice  be  first  properly  defecated,  and  then  decolorized  with  bone- 
black,  sugar  of  equal  quality  is  obtained  both  with  Howard's  and 
Rillieux's  vacuum  pans. 

30.  The  system.of  Rillieux. — The  use  of  the  latent  heat  of  the^ 
vapor  from  one  portion  of  sirup,  for  the  evaporation  of  another  por- 
tion, has  been  accomplished  far  more  perfectly  and  fully  by  an  ap- 
paratus invented  by  N.  Rillieux,  of  New  Orleans,  than  by  the  sys- 
tem of  M.  Derosne^  This  apparatus  has  also  the  merit  of  being  sim- 
pler, and  therefore  more  easily  constructed  or  repaired,  so  that  it 
is  less  expensive,  and  less  liable  to  derangement.  It  may  now  be 
considered  as  fully  tested,  and  as  perfectly  successful;  so  that  it 
may  be  adopted  with  entire  security  and  certainty  of  results. 

The  distinctive  feature  of  N.  Rillieux's  system  may  be  said  to  be 
the  successive  use  of  latent  heat  for  the  evaporation  of  sirups,  by  a 
series  of  similar  boilers  or  close  evaporating  pans-* each  being 
heated  by  the  vapor  from  the  preceding  one,  and  in  turn  furnish- 
ing heat  to  the  succeeding  pan.  The  first  of  the  series  is  heated 
by  exhaust  steam  from  the  steam  engine  used  for  grinding  the  cane, 
and  from  the  pumping  engine,  and  the  last  is  used  as  a  vacuum 
pan  for  concentration.  The  vacuum  is  produced  by  means  of  an 
air-pump  worked  by  a  small  steam  engine.  Any  one  of  the  series. 
of  pans,  at  pleasure,  may  also  be   connected   directly  with  the 
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steam  pipe^^  by  means  of  cocks  and  tubes  suitably  arranged;  so 
that  it  may  at  any  moment  be  heated  by  higii  steam  if  desired. 
The  pans  are  cylindrical,  and  are  beated  by  numerous  internal 
tubes;  they  therefore  resemble  somewhat  the  boiler  of  the  locomo- 
tive engine  as  at  present  usually  constructed.  The  series  consists 
of  either  three  or  four  pans;  but  the  number  might  be  extended,  if 
the  increase  would  give  sufficient  additional  advantage  to  render 
it  expedient.  (Plates  Y,  YI,  and  YII,  and  the  descriptive  text^ 
will  give  an  idea  of  this  system.) 

This  apparatus  is  constructed  by  Messrs.  Merrick  and  Towne,  of 
Philadelphia,  machinists  of  established  reputation  for  intelligence 
and  superior  skill,  and  who  have  become  the  assignees  of  Rillieux's 
patent.  To  the  excellence  of  the  workmanship  of  these  gentle- 
men, no  less  than  to  the  merits  of  the  system  itself,  is  to  be  attrib* 
uted  its  entire  success. 

The  beauty  and  superior  grain  of  the  sugar  manufactured  by 
those  who  have  adopted  Rillieux's  train  does  not  depend,  how- 
ever, upon  the  merits  of  that  train  alone.  The  juice,  after  defeca- 
tion with  lime  in  defecators  similar  to  tho^e  employed  by  the  beet- 
sugar  makers  of  France,  and  described  in  section  2,  is  filtered  first 
through  cloth,  and  then  through  boneblack;  after  which  it  passes 
successively  into  the  first,  second,  and  third  boilers.  In  the  third 
boiler  it  is  concentrated  to  27^  Beaum^;  and  it  is  then  again  filtered 
before  it  enters  the  fourth  or  last  pan,  to  be  evaporated  in  vacuo. 
The  filters  employed  are  the  leaf  filter  of  Lovering,  and  the  filter 
Dumont.  If  a  train  of  three  boilers  be  used,  then  the  jui^e  is  con* 
centrated  to  27^  in  the  second,  and  evaporated  in  vacuo  in  the 
third.  From  the  abov^,  it  is  evident  that  Rillieux  adopts  the  me- 
thod employed  in  France  for  clarifying  beet  juice,  and  which  has 
been  applied  successfully  to  the  juice  of  the  cane  in  the  West  In- 
dies, as  above  mentioned.  And  if  cane  juice  be  thus  treated,  a 
perfect  article  will,  as  already  stated,  be  manufactured  from  it  by 
evaporation  in  vacuo,  whatever  may  be  the  vacuum  pan  employed. 
While,  therefore,  we  must  ascribe  to  N.  Rillieux's  system  of  boilers 
the  advantage  of  superior  economy  in  the  use  of  fuel,  and  to  the 
apparatus,  as  executed  by  Messrs.  Merrick  and  Towne,  the  merit 
of  simplicity,  and  consequent  perfection  of  mechanical  arrange- 
ment, as  well  as  of  excellent  workmanship,  we  yet  must  consider 
other  systems  as  equally  capable  of  producing  sugars  of  perfect 
quality  in  grain  and  color,  provided  they  be  properly  coiiibined 
with  filtration  and  the  use  of  boneblack. 

To  planters  who  are  obliged  to  depend  greatly  upon  tbe  begassa 
of  the  crop  for  their  supply  of  fuel,  Rillieux's  system  presents 
great  advantages  over  all  others;  for  the  economy  of  fuel  is  so 
great  in  it  that  the  begassa  alone  is  amply  sufficient  for  the  crop, 
even  in  Louisiana  where  the  immature  nature  of  the  cane  and  the 
humidity  of  the  climate  are  far  less  favorable  for  drying  begassa, 
and  where,  therefore,  this  article  is  much  inferior  to  that  used  ia 
the  West  Indies.  But  if  fuel  be  abundant,  an  open  steam  evapor- 
ating pan  for  concentration  to  27^  Beaum6,  and  a  simple  vacuuBi 
pan,  either  that  of  Howard  or  that  of  Rillieux,  will  give  equally 
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satisfactory  results;  the  juice  being  in  each  case  similarly  defe- 
cated and  filtered  through  boneblack. 

When  in  Louisiana  I  visited  the  plantation  of  Messrs.  Benjamin 
and  Packwood,  at  their  invitation,  and  carefully  examined  the  ap- 
paratus of  Rillieux,  constructed  for  them  by  Messrs.  Merrick  and 
Towne.  From  what  I  learn  from  those  intelligent  gentlemen,  as 
well  as  from  what  I  then  faaw,  I  can  bear  witness  to  the  entire  suc^ 
cess  of  the  system. 

31.  The  following  communication  of  Mr.  T.  J.  Packwobd,  ex* 
tracted  from  the  New  Orleans  Bee,  will  b<3  of  interest  to  many: 

"  Myrtle  Grove,  1844. 

'^  Drar  Sir:  Your  favor  of  the  12th  instant  has  been  received, 
and  with  pleasure  I  reply  to  your  inquiries  respecting  Mr.  Ril- 
lieux's  apparatus. 

'^  Mr.  R.  contracted  to  furnish  me  with  an  apparatus  for  the  fab* 
rication  of  sugar  entirely  by  steam;  that  the  quantity  of  molasses 
should  be  reduced  to  the  half  of  that  produced  by  the  old  process; 
that  the  sugar  made  from  it  should  be  equal  to  that  produced  by  a 
vacuum  pan,  without  any  refining  process;  that  it  should  be  capable 
of  producing  an  average  of  12,000  lbs.  of  sugar  within  24  hours; 
and  that  the  fuel  consumed  should  be  not  more  than  one-third  of 
the  quantity  used  by  the  usual  method  in  open  kettles. 

'^  I  have  finished  my  crop,  and  made  the  last  30  hogsheads  with 
his  apparatus,  from  a  piece  of  my  poorer  cane.  The  production  of 
molasses,  I  believe,  is  greatly  reduced.  The  quality  of  the  sugar 
IS  improved  about  one-half  in  value  over  that  produced  from  the 
same  cane  in  my  set  of  kettles.  I  am  satisfied  that  with  the  ap- 
paratus I  shall  make  the  next  crop  into  white  sugar,  without  the 
use  of  moulds  and  liquoring.  The  apparatus  made  at  the  rate  of 
18,000  lbs.  per  24  hours,  and  boiled  as  much  cane  juice  as  my  inill 
could  furpish;  and  it  is  my  opinion  that  it  can  produce  a  much 
greater  quantity  in  the  same  period. 

^'  The  apparatus  is  very  easily  managed,  and  my  negroes  became 
acquainted  with  it  in  a  short  time.  To  produce  the  above  quan- 
tity of  sugar  by  the  old  process,  I  should  have  employed  my  two 
sets  of  kettles  boiling  together.  My  sugar  mill  and  the  apparatus 
were  driven  together  by  my  engine,  and  I  am  convinced  that  the 
begassa  of  the  previous  year,  which  generally  forms  about  a  third 
of  my  fuel,  would  have  been  sufficient  to  have  made  my  entire  crop. 
The  machine  is  elegant  in  its  proportions,  solid  in  its  fixtures,  and 
rccupies  a  wry  small  pl^ce  in  my  sugar-house.  •  I  must  confess 
that  when  I  first  contracted  with  Mr.  R.,  I  did  not  imagine  that 
the  apparatus  would  have  been  so  complete.  Every  part  is  ar- 
ranged with  the  greatest  care,  and  is  very  durable.  It  worked,  I 
may  say,  without  any  accident;  and  is  ready  for  the  next  crop,  a^ 
sew  and  clean  as  it  was  the  first  day.  I  account  as  nothing  a 
leather  band  which  was  temporarily  employed  by  Mr.  R.  to  drive 
the  apparatus,  instead  of  a  connecting  rod,  which  was  then  not 
xeadj. 
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^^I  am  happy  to  add,  that  I  consider  Mr.  RilUeux  ks  completely 
successful,  and  as  having  satisfied  erery  condition  of  the  contract 
which  he  passed  with  me. 

^^I  had  many  opportunities  of  admiring  the  ability  and  ingenuity 
of  Mr.  R.,  and  I  do  not  hesitate  to  declare  that   he  is  highly  de-i 
serving  of  credit,  and,  in  every  respect,  to  the  full  confidence  of 
the  sugar  planters  of  Louisiana. 

"  Very  respectfully,  yours, 

"T.  J.  PACKWOOD. 
"  To  the  Editor  of  the 

Jfew  Orleans  Bee." 

32.  The  following  report  of  a  committee  of  the  Agriculturists  and 
Mechanics'  Association  of  Louisiana  upon  sugars  exhibited  at  the 
annual  State' fair,  held  by  that  association  on  the  5th  of  January, 
1846,  embodies  information  respecting  the  results  not  only  of  Ril-^ 
lieux's  method,  but  also  of  other  enterprises  in  that  State. 

The  report  is  so  succinct  and  complete,  and  the  views  taken  in 
it  by  them  seem  to  be  so  sensible,  that  I  here  insert  it  nearly  en- 
tire; with  the  remark,  however,  respecting  Mr.  Morgan's  experi- 
ments, that  if  the  attempt  to  employ  open  steam  pans  for  concen- 
tration to  25^,  and  a  vacuum  pan  for  striking,  proved  unsuccessful, 
as  stated  by  the  committee,  it  would,  in  my  opinion,  have  certainly 
succeeded,  had  the  cane  juice  been  previously  filtered  through  bone- 
black — ^n  operation  which,  I  have  been  informed,  Mr.  Morgan  does 
not  perform,  but  which  is  doubtless  indispensable  if  we  would  ob- 
tain perfect  results. 

<(  SPECIAL  REPORT  ON    SUGAR,  FROM    THE   COMMITTEE    FOR   THE    AGRI- 
CULTURAL DEPARTMENT. 

^^  Amongst  the  samples  of  sugar  which  were  exhibited  at  the  fair, 
the  committee  has  paid  special  attention,  and  has  awarded  premi- 
ums, Isft,  to  Packwbod's;  2d,  tq  Packwood  &  Benjamin's,  3d,  to 
Yerloin  Degruy's;'  the  first  and  second  made  by  N.  Rillieux's  patent 
sugar-boiling  apparatus,  and  the  last  by.N.  Rillieux's  vacuum  pan«. 
The  committee  have  been  struck  by  the  unrivalled  beauty  of  the 
samples  laid  before  the  association.  They  considered  it  as  their 
duty  to  make  deep  inquiries  about  a  matter  so  closely  connected 
with  the  interest  and  welfare  of  the  entire  State.  They  are  now- 
ready  to  report  the  result  of  their  investigation  on  the  new  pro* 
cess  of  manufacturing  one  of  the  staples  of  Louisiana. 

^^The  sugar  which  has'  been  exhibited,  coming  from  Packwo^d's 
plantation,  is  made  from  sirup  without  any  additional  clarification, 
and  the  strike  is  put  in  coolers  and  hogsheads  as  customarily;  and 
this  sugar,  although  termed  brown,  is  white,  being  equal  in  color 
to  the  white  Havana  sugar:  it  has  a  larger  and  harder  grain,  and  i» 
perfectly  free  from  molasses  after  having  remained  but  six  days  in 
hogsheads. 

'^  The  molasses  sugar  from  the  same  plantation  is  equal  to  the 
best  prime  brown  sugar  made  by  the  old  process* 


255  [50] 

^^  The  samples  from  Packwood  and  Benjamin  are  of  loaf  sugar 
made  directly  from  the  cane  juice.  The  sirup,  without  additional 
clarification)  gives  strike,  which  is  put  at  once  into  moulds,  and 
the  sugar  obtained  is  twice  liquored.  This  sugar  is  perfect  in  color, 
the  grain  is  beautiful,  and  may  support  competition  with  northern 
refined.  The  en,tire  crop  of  700  hogsheads,  taken  on  this  plantation 
this  year,  shows  what  unknown  treasures  the  sugar  planters  may 
extract  from  the  bottom  of  their  soil. 

'^Two  entire  crops,  taken  from  Pack  wood's  plantation,  fully  prove 
the  following  facts:  1st,  not  a  shade  of  coloring  matter  is  developed 
from  the  beginning  to  the  end  of  the  boiling  in  N.  Rillieux's  pa- 
tented apparatus;  2d,  the  quantity  of  molasses,  which  was  cus- 
tomarily sixty  gallons  per  hogshead  of  sugar,  is  reduced  to  fifteen 
gallons — the  surplus  is  represented  by  an  equivalent  weight  of 
sugar;  3d,  this  apparatus  may  be  worked  by  the  hands  on  the  plan- 
tation, without  any  experienced  sugar  maker;  4'th,  the  economy  of 
fuel  is  such  that  the  begassa  is  more  than  sufficient  to  take  the  crop. 
On  considering  this  last  circumstance,  it  becomes  rather  difficult  to 
conceive  how  far  our  sugar  production  may  be  extended;  for,  im- 
pelled by  their  energetic  and  enterprising  feelings,  our  race  may, 
and  doubtless  will,  turn  every  prairie  and  woodless  land  of  the 
State  into  sugar  cultivation. 

'^  We  are  informed  that,  besides  the  two  aforesaid  plantations, 
several  others  will  -^otk  the  next  crop  by  this  new  process.  J.  B. 
Armant,  of  St.  James,  one  of  the  oldest  and  most  respectable  plant- 
ers of  the  State;  A.  Lesseps,  of  Plaqiiemine;  Verloin  Desruy,  of 
JeffersoD;  Chauvin  and  Levois,  of  St.  Charles,  are  highly  com- 
mendable for  their  enterprising  spirit.  After  a  careful  examination 
of  the  facts,  and  obtaining  on  the  two  above  plantations  satisfac- 
tory evidence  of  the  entire  success  of  the  apparatus,  they  did  not 
hesitate  to  incur  the  apparently  great  expense  which  its  adoption 
requires.  We  use  the  words  apparently  great  expense,  for  the  profit 
arising  during  a 'first  crop  fully  r^pays  the  expenses.  This  is  proved 
by  the  following  table,  which  we  lay  before  the  association. 

''It  shows  three  different  instances  of  plantations  on  old,  ordi- 
nary, and  new  land;  in  other  words,  lands  giving  by  the  common 
process  40,  50,  and  60  gallons  of  molasses  per  1,(X)0  pounds  of  su- 
gar. It  will  be  perceived  that  as  the  customary  proportion  of  mo- 
lasses is  greater,  the  larger  is  the  profit. 

*' We  have  ba>ed  our  calculations  upon  the  quantity  of .  cane 
juice  necessary  to  obtain  1,000  pounds  of  sugar  by  the  common 
process: 
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'^In  condensing  the  above  we  find  that  the  profit  on  a  crop  of 
600)000  pounds  derived  from  the  new  process,  and  above  the  com- 
mon, is  as  follows: 

Kotigh  skgar.    Liquored  sagar. 

1st.  Old  land $24,978        |I34,698 

2d,  Ordinary  land 27,798  37,728 

3d.  New  land • 30,618  40,608 

<^We  are  informed  that  the  advances  incurred  by  the  planters  to 
take  a  yearly  crop  of  600,000  pounds  by  this  apparatus  are  $20,600 
to  obtain  rough  sugar,  and  $24,500  to  make  liquored  sugar. 

^'Tbis,  certainly,  is  a  mjatter  worthy  of  a  minute  investigation, 
and  we  beg  every  one  to  go  and  ascertain  fot  himself  facts  so  highly 
deserving  notice.  We  hope,  at  the  next  fair,  a  model  of  this  new 
apparatus  will  be  exhibited  by  the  inventor.    . 

"The  sugar  made  by  Verloin  Degruy,  esq.,  of  Jefferson,  was  also 
specially  considered  by  this  committee.  On  his  plantation  the  cane 
juice  is  boiled  in  the  common  set  ef  kettles;  and  when  the  sirup 
reaches  25  or  28  degrees,  it  is  finished  and  granulated  in  N.  Rii- 
lieux's  vacuum  pan.  The  sugar  thus  made  is  excellent  in  color, 
and  of  a  coarse  and  very  bright  grain.  It  must  be  classed  ahead 
of  prime  brown  sugar,  and  we  did  not  hesitate  to  award  it  a 
premium  ex  equo  with  Packwood's  sugar,  although  its-  intrinsic 
value  is  much  lower,  because  the  expense  is  small  (not  a1)ove 
$3,000)  and  the  process  exceedingly  simple.  In  relation  to  this, 
we  publish  the  following  letter  written  by  Mr.  Verloin  Degruy 
himself: 

'To  the  committee  for  the  agricultural  department  of  the  AgricuU 
tural  and  Mechanics*  Association  of  Louisiana: 

Parish  of  Jeffersoit, 

January  9,  1846. 

^Gentlemen:  I  reply  to  your  inquiries  about  N.  Rillieux's  vacuum 
pan  used  on  my  plantation:  ,    . 

'The  sugar  which  has  been  exhibited  at  Baton  Rouge  fair,  held 
January  6,  1846,  is  the  average  sample  of  my  crop  taken  up  by  N. 
Rillieux's  vacuum,  pan,  and  it  is,  compared  with  sugar  made  by  the 
common  process,  one  cent  at  lea&t  in  advance.  I  have  been  offered, 
and  have  refused,  6§  cents  for  my  sugar.  I  calculate  that  the 
profits  derived  from  this  machine  fully  repay  this  year  its  purchase 
price.  During  all  the  crop  I  had  thid  vacuum  pan  "gery  easily  man- 
aged, and  it  worked  satisfactoiily  and  without  interuption,  with 
steam  from  my  common  boiler^  and  water  from  my  pond;  and  I 
must  say,  also,  that  I  highly  recommend  Mr.  N.  Rillieux  to  the 
public  patronage,  on  account  of  his  full  and  plain  compliance  with 
every  term  and  condition  of  the  contract  whi(  h  he  passed  with  me. 

^I  am  now  makingvery  fine  sugar  with  canos  so  sour,  that  I  be* 
lieve  it  will  be  impossible  to  make  sugar  with  them  by  the  common 
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process;    and  the  quantity  of   molasses   is  scareely  more,  if  any, 
than  with  my  best  canes  before  the  frost. 

'Respectfully,  yours, 

«F.  VERLOIN  DEGRUY.' 

"We  must  add,  as  a  remark  worthy. of  great  interest,  especially 
for  the  sugar  planters  of  our  northern  parishes,  that  Mr  F.  Verloin. 
Degruy  obtained  a  rery  good  sugar  at  the  beginning  of  his  crop 
with  cane  juice  at  6  saccharine  degrees;  and  that  on  the  three 
above  plantations  the  sugar  stood  equally  good  with  acid  juide  from 
frozen  caneSy^hich  would  have  produced  nothing  but  molasses  by 
the  common  process.*  _ 

"In  conclusion,  we  must  say  that  in  our  opinion  N.  RiUieux's 
patent  sugar-boiling  apparatus  and  vacuum  pans  deserve  special 
notice,  as  well  for  the  ingenuity  displayed  in  their  arrangement  as 
for  their  perfect  construction,  by  Merrick  &  Towne,  owners  of  the 
Southwark  foundry,  in  Philadelphia,  and  assignees  of  N.  Rillieux's 

patent.  ,    ^  ,.        ,  .  , 

"We  consider  it  as  our  duty,  before  ending  this  report,  to  throw 
a  retrospective  view  on  several  improvements  tried  this  year  in  the 
art  of  manufacturing  sugar. 

"We  have  h^ard  something  said  in  very  laudatory  terms  of  a 
new  process  of  clarifying  the  cane  juice,  from  the  honorable  F. 
Garcia,  of  St.  John  the  Baptist,  jointly  with  Bertrand,  apothecary 
of  New  Orleans.  We  report  this  only  as  a  rumor,  for  the  above 
gentlemen  did  not  think  proper  to  explain  their  process  or  make  an 
exhibition  of  it  at  the  State  fair.  We  will  say  the  same  also  in  re- 
lation to  Debreton's  mode  of  clarifying  the  can€  juice.  In  con- 
clusion, we  feel  we  are  bound  to  add  that  planters  must  guard 
themselves  against  any  system  that  includes  secret  clarifying  agents 
and  be  wary  of  making  use  of  sugar  of  lead  or  sulphate  of  zinc, 
which  are  poisons  endangering  t^e  public  health;  and  not  being 
necessary  to  produce  the  best  quality  of  sugar,  there  cjan  be  no 
apology  for  their  use.  '  ;  . 

"During  the  past  season  there  were  several  attempts  to  introduce 
new  machinery.  Amongst  them  there  were, several  vacuum  pans: 
one  put  up  on  Mr.  Maunsel  White's  plantation,  in  Plaquemirie,  but 
which  was  not  ready  in  time.  The  delays  have  endangered,  a  great 
part  of  his  crop.  Another  vacuum  pan  on  Judge  Butler's  planta- 
tion, at  Grand  Caillou,  has  given  sugar  of  a  very  large  grain;  but 
the  owner  did  hot  use  it  for  his. whole  crop,  and  made  5nly  a  fev 
hogsheads  of  sugar  with  it,  for  reasons  which  we  are  unable  to 
to  assign.  At  Thomas  A.  Morgan's,  of  Plaquemine,  (the  first 
planter  who  ever  boiled  sirup  by  vacuum  pans  in  this  State,)  trials 
have  been  made  to  concentrate  the  cane  juice  up  to  25  degrees  hy 
steam.  He  has  set  up  three  open  steam  kettles  and  a  new  vacuuna 
pan  for  that  purpose,  at  an  expense  of  about  $8,000,  and  we  regret 
to  say  that  a  planter  of  such  enterprise  did  not  succeed  in  his  ex- 
pectation. 

*3ee  Appendix  notes  F  ftod  fi. 
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^'Several  open  pans  of  Mapes'  construction,  and  from  Stillman's 
ivorksy  have  been  used.  These  jpans  work  well|  but  it  remains  dif- 
ficult to  decide  if  they  present  any  advtintaiges  over  the.  common 
worms,  which  are  cheaper  and  easier  to  be  kept  in  good  order. 

'^Tbe  honorable  Judge  P.  A.  Rost,in  his  oration  delivered  on  the 
13th  of  May  last,  mentioned  a  new  apparatus,  embracing  all  that 
had  been  found  valuable  in  the  others,  tben  in  course  of  construc- 
tion by  Stillman  &  Co.,  of  the  Novelty  Iron  Works,  New  York, 
for  Mr.  Valcour  Aime  of  St.  James.  We  regret  to  say  that  the 
trial  of  this  enterprising  gentleman,  and  of  which  so  great  a  profit 
was  expected  for  our  country,  has  proven  unsuccessful.  Let  us 
hope  that  with  the  alteration  which  he  contemplates  at  present,  he 
will  succeed  to  take  in  his  next  crop.  We  are  informed  that  he 
has  expended  this  year  $22,000  for  an  apparatus  to  make  18  hogs*, 
heads  a  day,  and  that  the  contract  for  the  new  alterations  propped 
amounts  to  $8,000.  Rarely  do  we  find  .a  planter  ready  to  go  into 
such  expensive  trials  for  the  welfare  of  the  community;  and  we  do 
not  hesitate  to  give  him  all  the  .encouragement  on  behalf  of  our 
association;  but  at  the  same  time,  let  this  example  remain  as  a 
striking  warning  to  our  planters.  Is  it  to  their  interest  to  tnake 
such  trials — always  costly,  often  ruinous?  We  do  not  recommend 
such  pursuit.  Here  is  the  case  of  a  planter  known  in  the  entire 
State  for  his  practical  knowledge,  and  who  may  be  ranked  amongst 
the  most  talented  men  of  our  community,  expi&nding  $30,000,  and 
being,  yet  uncertain  of  the  result.  Is  it  prudent  to  follo-w  the  same 
course)  shall  we  run  the  chance  of  losing  large  advances,  besides 
a  part  of  our  crop  1* 

"In  our  opini'on,  the  planters  are  to  be  governed  by  other  rules: 
they,  we  believe,  must  adopt  what  has  already  been  tried,  and 
nothing  but  what  has  been  piroved  unquestionably  successful. 

"  We  congratulate  our  country  on  the  spirit  of  enterprise  which 
prevails:  The  competition  evinced  in  the  improvement  of  the 
manufacture  of  sugar  shows^energetic  feelings  amongst  our  planters; 
and  if  on  the  one 'hand  we  recommend  prudenpe,  let  us  also  en- 
courage a  spirit  which  will  turn  to  the  benefit  of  the  community, 
and  will  prove  more  and  more  economical  and  profitable  to  the 
great  staple  of  Louisiana." 

•  33.  Although  the  application  of  the  principle  of  employing  the 
latent  heat  of  vapor  to  the  particular  use  of  manufacturing  sugar 
with  economy  of  fuel  was  first  made  by  Ddgrand  and  Rillieux,  and 
by  means  of  very  different  forms  of  apparatus,  yet  the  principle 
itself  is  neither  one  lately  discovered^  nor  but  recently  applied  in 
other  branches  of  industry.  It  has  long  formed  a  part  of  the  es-.' 
tablished  science  of  applied  physics;  and  from  a  standard  work,f 
which  has  been  generally  and  familiarly  known  for  nearly  twenty 
jears,  I  translate  the  following  passages: 


*  See  Appendix,  note  H. 
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^'Under  certain  circumstances  we  may  make  use  of  a  part  of  the 
latent  heat  of  the  vapor  which  is  disengaged  to  heat  liquids  con* 
tained  in  other  boilers,  and  produce  in  them  a  gentle  evaporation. 
It  is  this  arrangement  ,th^t  t  designate  by  the  name,  of  an  apparatus 
of  double  effect,  appareil  d  double  effei. 

^^We  may  likewise  employ  the  latent  heat  of  the  second  vapors 
for  heating  other  vessels;  but  the  second  boilers  must  then  of  ne* 
cessity  be  close,  and  the  liquid  must  attain  in  them  the  temperature 
of  ebullition;  Hence  the  liquid  in  the  first  boilers  must  be  sub* 
jected  to  a  pressure  greater  than  that  of  th6  atmosphere. 

^^In  all  the  large  systems  of  evaporation  where  the  work  is  con- 
tinuous, such  as  thope  of  salines,  for  the  soda  factories,  &c.,  nine 
or  ten  parts  of  steam  for  every  one  of  coal  may  be  disengaged  by 
a  suitable  arrangement;  whereas  generally  five  or  six  parts  only  is 
the  result  obtained.'' 

The  brewers  hav<e  long  applied  the  above  described  principle  in 
the  evaporation  of  wort.*  But  its  combination  with  a  vacuum  pan^ 
and  heating  by  steam,  as  well  as  its  application  to  the  sugar  in- 
dustry, was  certainly  the  invention  of  M.  D6grand  and  Mr.  Ril- 
lieux,  independently  of  each  other.  The  idea  of  the  successive  use 
of  latent  heat  is,  hawever,  carried  out  distinctly  and  completely 
only  by  Rillieux;  and  the  use  of  latent  heat  constitutes  apparently 
only  a  secondary  feature  in  D^grand's  serpentine  tube,  the  princi- 
pal ofiice  of  which  is  condensation  within  by  t^e  cooling  influence 
of  evaporation  by  exposure  of  a  large  surface,  moistened  with  a 
thin  film  either  of  water  or  saccharine  juice,  to  the  action  of  the 
air. 

The  advantage  of  Rillieux's  mode  of  successive  employment  of 
the  same  beat  may  be  readily  shown  by  a  simple  calculation.  As 
we  have  already  stated,  the  total  amount .  of  heat  contained  in 
steam  of  any  pressure  is  equal  to  1212^  Fahrenheit.  If,  thereforci 
the  quantity  Of  water  converted  in  the  engine  boiler,  at  the  tem- 
perature of  250^  Fahrenheit,  into  high  steam  of  the  pressure  of  two 
atuospheres,  be  represented  by  a,  we  shall  have 

1212  a  =  250  a  +  962  (t. 

In  condensation  this  steam  will,-therefoi'e,  retain,  and. either  re- 
store to  the  engine  or  carry  off  by  a  waste  pipe,  the  quantity  (250  a) 
of  free  heat;  while  the  962  a  of  latent  heat  will  be  imparted  to  the 
first  of  the  series  of  evaporating  pans. 

For  the  sake  of  simplic^y,  we  will  suppose  the  series  of  pans  to 
contain  water  instead  of  cane  juice,  and  that  the  quantity  in  each 
is  equal  to  that  originally  converted  into  high  steamy  and  which  we 
have  denoted  by  a  in  the  above  equation;  also,  that  the  pressure  ia 
each  pan  is  the  same,  and  equal  to  the  ordinary  atmospheric  pres- 
sure.    Let  Xj  x'j  x",  x"'  represent  respectively  the  quantities  of 


*8ee  P6olet^  Traits  de  Cbaleurj  t.  2,  p.  602;  also,  Ure's  Dioiionary  of  Arts;  article^ 
Beer. 
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water  which  remain  unevaporated  in  the  boilers,  and  y,.y',  y'^  f^^ 
the  portions  evaporated)  then  we  shall  haye,  for  the  first  pan, 

962  a  =  212  x  +  1212  y, 

a  =  X  +  y; 

Hence,  by  elimination, 

X  =  0.25  a;  and  y  =  0.75  a. 

Three-fourths  of  the  contents  of  the  first  pan  will  therefore  be 
converted  into  steam,  and  will  pass  over  into  the  heating  tubes  of 
the  second  boiler.  In  these  tubes  this  steam  will  be  condensed^  ^ 
and  the  portions  of  heat  retained  and  communicated  will  be  ex* 
pressed  by  the  first  and  second  terms  of  the  last  member  Of  the 
equation  : 

1212  y  =  212  y  +  1000  y. 

We  have,  therefore,  1000  y  =  750  a  for  the  value  of  the   hesC 
imparted  to  the  contents  of  the  second  boiler. 

By  similar  reasoning,  we  obtain  : 
For  the  second  boiler^j 

750  a  =  212  x'  +  1212  y';  x'  +  y'  =  a; 

and  therefore, 

x'  ^  0.462  a;  y'  =^  0.538  a. 

For  the  third  boiler, 

538  a  =  212  x"  H-  1212  y";  x"  +  y"  =  a; 
x"  =  0.674  a;  y"  =  0.326  a. 

And  lastly,  for  the  fourth  beller, 

326  a  =  212  x'"  +  1312  y''';  x'"  +  y'"  =  a; 
which  give 

x'"  =  0  886  a;  y"'  =  0.114  a. 

The  total  amount  of  water  evaporated  will  be  expresaed^by  ihm 
equation:         . 

^        S  =  y +  y'  +  y"+y'"5 

or,  by  substitution  and  addition, 

S=;=1.728a. 
If  three  boilers  Only  be  usefl,  we  shall  have 

S  =  1.614  a. 
And  if  but  two,  then 

Ss=1.288a. 
From  the  value  obtained  for  y''  it  follows  that  the  steam  deT<l-^ 
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oped  in  a  fifth  boiler  would,  be  a  negative  quantity;  or,  in  other 
words,  the  heat  imparted  to  a  fifth  boiler  would  be  insxifficient  even 
to  heat  its  contents  to  212°  Fahr.  This  is  also  evident  from  the 
fact  that  the  amount  thus  imparted  would  be  only  114^.  A  fifth 
boiler  would,  therefore,  add  nothing  to  the  amount  oT  water  evap- 
orated under  atmospheric  pressure. 

In  the  preceding  calculations  t  have  supposed  the  contents  of 
each  pan  to  be,  before  heating,  of  the  temperature,  indicated  by 
the  zero  of  Fahrenheit's, thermometer,  a  temperature  much  below 
that  which  cane  juice  would  ever  be  subjected  to  in  sugar-making 
'^  countries.  Nor  has  the  eflfect  of  diminished  pressure  produced  by 
-  an  air-pump,  or  byTthe  condensation  of  escaping  vapor,  been  taken 
into  consideration  in  them.  For  both  of  these  variations  in  the 
circumstances  under  which  the  operation  is  actually  performed, 
corrections  must  be  applied  which  would  considerably  augment  the 
calculated  result;  other  corrections  are  also  required  for  heat  lost 
by  radiation,  by  the  conducting  and  absorbing  influence  of  the  me- 
tal and  of  other  bodies,  by  currents  of  air,  &c.;  for  which  correc- 
tions no  accurate  values  can  be  assigned,  except  bf  experiment  in 
each  particular  case.  Hence,  we  may  justly  infer  that  the.  proba- 
ble value  obtained  by  the  calculation  given  above  approximates 
nearly  to  the  actual  effective  result,  as  the  corrections  to  be  applied 
compensate  each  other.* 

Section  V. — On  crystallization. 

1.  Substances  which  pass  from  the  liquid  to  a  solid  state  usually 
assume  regular  geometrical  forms.  And  this  symmetrical  arrange- 
ment of  the  particles,  or  crystallization,  is,  therefore,  not  the  re- 
sult of  accident,  but  of. certain  arranging  forces,  which  operate  with 
perfect  regularity,  and  depend  upon  the  chemical  nature  of  the 
substance  itself.  The  general  laws -which  those  forces  obey,  and 
the  circumstances  which  modifv  their  action,  are  important  facts 
not  only  to  theoretical  science,  but  to  all  branches  of  industry,  the 
successful  results  of  which  depend  upon  the  proper  formation  of 
crystalline  bodies.  A  knowledge  of  the  subject  of  crystallization 
is,  therefore,  of  such  value  to  the  sugar  manufacturer  thaj  I  have 
thought  it  proper  to  enumerate  succinctly  the  principal  results 
which  practical  experience  and  chemical  science  have  established, 
although  they  may  be  found  fully  stated  and  discussed  in  the  mo^e 
complete  treatises  on  chemistry. f 

The  more  gently  and  slowly  crystallization  takes  place  the  larger 
and  more  perfect  will  be  the  crystals.  If  it  occur  rapidly,  the  crys- 
tals will  therefore  be  small  and  confused. 

While  repose  causes  crystallisation  lo  be  both  slow  and  regular, 
mechanical  agitation  accelerates  it,,  but  renders  .the  crystals  minute 
and   irregular.     Hence    rock    candy   is    made    by   allowing  'sirup 


*  See  Appendix,  note  H.      . 

t  See  Berzeliiu^  Traits  de  Chimiej  or  Damaa,  Trait6  de  Chim.  Appliq.  aax  Arts. 
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slightly   concentrated  to  evaporate  gently  in   a  stove,  while  fine- 
grained loaf  sugar  is  the  result  of  agitation  and  rapid  solidification. 

Foreign^  substances,  especially  those  of  a  porous  nature,  encrust 
themselves  with  crystals  in  crystallizing  solutions.  Hence  the  use 
of  threads  in  the  manufacture  of  rock  candy;  and  similarly,  the 
manufacturers  of  blue  vitriol  make  use  of  sticks,  upon  which  the 
salt  crystallizes,  and  by  which  it  is  then  readily  removed. 

Crystals  already  formed  act  even  more  energetically  thau  porous 
bodies;  and  such  is  their  influence,  that  we  may  obtain  from  a  so- 
lution of  two  salts  either  the  one  or  the  other,  at  pleasure,  by  im- 
mersing a  crystal  of  the  salt  we  wish  to  separate.  If,  for  instance, 
we  dissolve  two  parts  of  nitre  an.d  three  of  sulphate  of  soda  in  five 
of  warm  water,  and  pour  the  solution  into  two  flasks,  filling  them 
each;  then  if  we  put  a  crystal  of  nitre  into  one,  and  a  crystal  of 
sulphate  of  soda  into  the  other,  and  place  them  both  in  a  mixture 
of  water  and  powdered  ice,  there  will  be  formed  in  the  one  only 
crystals  of  nitre,  and  in  the  other  only  crystals  of  sulphate  of 
soda. 

Crystals  of  larger  size  and  modified  form,  may  be  made  by  the 
increase  produced  by  immersion  in  saturated  solutions;  and  large 
crystals  will  even  grow  at  the  expense  of  smaller  ones  in  the  same 
solution,  if  exposed  to  changes  of  temperature.  When  the  temper- 
ature rises,  the  solution  becomes  stronger,  by  dissolving  a  portion 
of  the  crystals;  but  when  it  cools  again  the  matter  thus  taken  up 
will  be  deposited  chiefly  upon  the  large  crystals;  so  that,  after  a, 
while,  the  smaller  crystals  will  entirely  disappear. 

In  solutions  allowed  to  crystallize  qtiietly,  crystals  form  chiefly 
at  the  bottom,  and  not  uniformly  throughout  the  liquid.  The  rea- 
son for  this  is,  that  when  the  solid  matter  is  deposited,  the  liquid 
which  was  combined  with  it  is  set  free,  and,  being  of  kss  density 
than  the  rest  of  the  solution,  it  rises  to  the  top  and  gives  place  to 
another  saturated  portion;  this,  in  turn,  deposites  part  of  its  solid 
matter,  and  ascends  as  the  former.  If  we  look  through  a  crystal- 
lizing solution,  we  may  observe  this  ascending  motion  of  the  par-* 
tides,  and  distinct  currents  rising  from  the  larger  crystals. 

All  crystals  which  form  in  aqueous  solutions  enclose  a  portion  of 
the  solution,  or  mother-water,  mechanically,  between  their  mole- 
cules: if  the  solution  contain  other  substances,  this  will  render  the 
crystals  more  or  less  impure.  Hence  it  is  often  necessary  to  purify 
substances  by  repeated  crystallization.  The  larger  the  crystals, 
the  more  of  the  mother-liquor  will  they  thus  absorb.  For  this  rea- 
son crude  nitre,  alum  and  sugar,  are  purer  when,  by  rapid  crystal- 
lization, they  have  formed  in  small  grains. 

Many  substances  in  crystallizing  also  combine  chemically  with  a 
portion  of  water.  This  water  enters  into  them  very  differently 
from  mere  water  of  solution;  for  it  becomes  solid,  and  is  always 
in  definite  proportion.  It  is  usually  called  v>ater  of  crystallization 
or  water  of  combination.  The  m?.nner  in  which  water  unites  with- 
quicklime  in  slacking  furnishes  an  illustration  of  this  combination; 
and  the  development  of  heat,  in  a  greater  or  less  degree,  is  gene- 
rally an  accompanying  phenomenon.    • 
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2.  The  forces  above  mentioned,  which  tend  to  solidify  and  ar- 
range particles  of  matter  in  definite  geometrical  forms,  and  which 
are  often  spoken,  of  as  the  forces  of  cohesiouj  are  opposed  by  the 
antagonist  force  of  heat.  In  some  instances,  as  in  melted  metalsi 
heat  acts  directly  to  produce  the  liquid  state;  in  others,  as  in 
aqueous  solutions,  it  is  indirectly  the  cause  of  the  fluidity  of  the 
dissolved  matter.     That  this  is  so  is  evident;  because  at  the  tem- 

fierature  of  32°  Fahr^  water  itself  soiidifies,  and  gives  off  140^  of 
atent  heat.  ^ 

If  solid  bodies  be  dissolved  in  water,  the  force  which  causes  themi 
to  unite  and  form  one  homogeneous  solution  renders  the  evapora- 
tion of  the  water  more  difficult  than  that  of  pure  water  alone.  Such 
a  solutipn,  therefore,  boils  at  a  temperature  the  more  elevated  in 
proportion  as  the  affinity  of  water  for  the  dissolved  substance  is 
greater.  If  this  affinity  be  entirely  saturated,  then  will  the  boiling 
point  be  stationary;  but  if  the  affinity  increase  with  the  tempera- 
ture, the  boiling  point  will  also  vary  proportionally.  Thus  a  per- 
fectly saturated  solution  of  common  salt  boils  at  240^  Fahr.,  and 
one  of  nitre  at  263^  Fahr.;  while  aqueous  solutions  of  sugar  or  of 
sulphuric  acid,  etc.,  boil  at  higher  temperatures  in  proportion  as 
they  are  more  concentrated. 

3.  Heat  increases  the  dissolving  power  of  water  for  most  solid 
substances;  if,  therefore,  a  hot  saturated  solution  be  allowed  to  cool, 
crystals  will  generally  be  deposited  in  consequence  of  the  excess  of 
matter  soluble  in  hot  water,  but  insoluble  at  low  temperatures.  If 
water  be  evaporated  by  heat  from  a  weak  solution  until  it  becomes 
saturated,  upon  allowing  it  to  cool,  crystals  will  be  formed  by  rea- 
son of  the  loss  of  water  requisite  to  hold  them  in  solution.  The 
evaporation  and  crystallization  of  saccharine  juices  furnish  an  in- 
stance of  this  latter  mode  of  operation;  the  proper  performance  of 
which  constitutes,  indeed,  the  whole  art  of  the  sugar  boifer. 

Impure  solutions  crystallize  ver^  differently  from  those  which  are 
pure.  In  muddy  or  turbid  solutions,  the  impurities  of  which  are 
mechanical,  crystals  are  usually  larger,  and  often  of  different  form 
from  those  which  form  in  clear  solutions.  These  mechanical  impu- 
rities also  usually  become  enclosed  in  the  crystals.  If  urea  be  add- 
ed to  a  solution  of,  common  salt,  it  will  yield  octahedral  instead  of 
cubic  crvstals. 

The  above  general  facta,  together  with  a  knowledge  of  the  solu- 
bility of  sugar  in  water  at  different  progressive  temperatures,  will 
be  sufficient  to  enable  us  to  form  clear  and  rational  ideas  upon  the 
subject  of  the  crystallization  of  cane-sugar,  and  the  proper  metbod 
of  conducting  the  operations  relative  thereto  by  sugar  manufactu. 
rers  and  refiners. 

4.  In  most  books  on  chemistry,  it  is  usually  stated  that  ^^  cane 
sugar  is  soluble  in  one-third  of  its  weight  of  cold  water,  and  to  any 
extent  in  hot  water."     This  is  untrue,  as  I  have  already  stated,*  if 

*  See  Senate  Ddc.  No.  166,  2d  seeaion  dSth  CoogreiB,  page  165. 
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by  **  hot  water''  be  meant  "  boiling  water ,"  or  water  heated  to  212^ 
Fahrenheit,  the  signification  which  the  words  woul^  ordinarily  be 
supposed  to  possess.  But  if  this  phrase  be  intended  to  convey  an 
idea  of  the  results  we  obtain  Vrhen  we  evaporate  a  saturated  solu- 
tion of  sugar,  it  may  be  admitted  as  an  inaccurate  and  vague  expres- 
sion of  truth.  If  we  unite  common  salt  ^nd  water  at  different  de- 
grees of  heat,  in  such  a  manner  as  to  form  saturated  solutions,  we 
will  find  that  the  water  dissolves  a  greater  quantity  of  salt  as  the 
temperature  rises,  until  we  reach  240^  Fahrenheit,  when  the  solu- 
tion boils  and  attains  its  maximunti  degree  of  saturation,  the  water 
being  united  with  40.38  per  cent,  of  its  own  weight  of  salt.  Any 
further  addition  of  heat  only  serves  then  to  drive  off  part  of  the 
water,  in  the  form  of  steam,  and  to  deposite  in  a  solid  form  the 
salt  with  which  it  was  united.  A  very  different  result  is  obtained 
if  we  heat  a  pure  solution  of  sugar — one,  for  instance,  which  con- 
tains about  €6  per  cent,  uf  sugar.  Owing  to  the  union  of  the  sugar 
and  the  water,  this  solution  will  not  boil  until  it  reaches  the  tem- 
perature of  220^  Fahrenheit,  at  which  temperature  the  affinity  of 
the  water  for  sugar  will  be  so  much  increased,  that  instead  of  the 
sugar  which  was  united  with  the  steam  evolved  being  deposited  in 
a  solid  form,  it  will  remain  combined  with  the  unevaporated  water. 
The  solution  will  thus  become  more  concentrated,  and  being  now 
united  by  a  more  powerful  affinity,  it  will  have  a  more  elevated 
boiling  point.  Further  concentration,  increased  affinity,  and  a 
more  elevated  temperature  of  ebullition,  ensue;  and  to  this  con- 
tinuous action  there  is  no  definite  limit  or  point  of  saturation;  s^ 
that  if  the  evaporation  be  pushed  to  the  temperature  of  270^  Fah- 
renheit, we  obtain  a  hirup  so  viscid,  that  if  allowed  to  cool,  th« 
particles  of  sugar  cannot  arrange  themselves  in  crystals,  and  the 
whole  mass  congeals  in  the  form  of  a  transparent  amorphous  sub- 
stance. In  this  state  it  is  prepared  by  the  confectioners,  and  com- 
monly known  as  candy.  From  the  sirup  which  thus  solidifies  at 
HOP  Fahrenheit  all  the  water  of  solution  has  not,  however,  been 
evaporated;  for  it  is  composed  of  10  per  cent,  of  water  united  with 
90  per  r.ent.  of  sugar.  If  we  continue  to  increase  the  heat,  with 
the  view  of  driving  off  the  rest  of  the  water,  we  soon  attain  a  tem- 
perature at  which  decomposition  of  the  sugar  itself  takes  place. 

That  the  forces  which  tend  to  arrange  the  particles  of  sugar  in 
cawdy,  made,  as  above  described,  from  sirup  concentrated  to  270^ 
Fahrenheit,  are  only  prevented  from  forming  crystals  by  the  very 
viscid  nature  of  the  solution,  and  the  consequent  impeded. motion 
of  its  constituent  molecules,  is  proved  by  a  singular  change  which 
takes  place  afterwards  in  the  internal  structure  of  the  candy.  When 
first  made,  it  is  beautifully  transparent;  but  after  some  time  it  be- 
comes opaque.  If  we  examine  the  alteration  closely  with  a  micro- 
scope, we  readily  perceive  that  it  consists  in  crystallization,  and 
that  the  crystals  proceed  from  the  external  surface  to  the  ceirtre. 
The  cause  of  this  change  has  been  supposed  by  M.  Dumas  to  be  a 
lose  of  heat.  I  should  rather  ascribe  it  to  the  evaporation  of  part 
of  the  water  of  solution  retained  in  solidification.  Whatever  be 
the  cause,  the  fact  is  unquestionable,  and  familiarly  known  to  con- 
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fectioners,  who  endeavor  to  preserve  the  transparency  of  their 
candy  by  adding  vinegar  to  it.  The  change  is  thus  retarded,  but 
not  prevented. 

5.  If)  instead  of  continuing  the  evaporation  to  270^  Fahrenheit, 
it  be  arrested  at  about  235^,  then,  when  the  sirup  is  allowed  to  cool, 
a  large  proportion  of  the  sugar  crystallizes  in  small  detached  grains. 
At  this  temperature  the  sirup  is  composed  of  about  19  parts  of  wa- 
ter, united  with  100  parts  of  sugar:  on  cooling,  the  water  will  re- 
tain about  38  parts  of  the  sugar,  and  form  with  it  a  saturated  solu- 
tion, while  the  remaining  62  parts  of  sugar  will  separate  in  crystals; 
from  these  crystals  tiie  sirup  will  then  readily  drain. 

To  attain  with  certainty  the  result  just  described,  constitutes  the 
whole  art  of  the  sugar  boiler.  The  proper  degree  of  evaporation 
is  technically  known  as  the  striking  pointy  and  the  concentrated 
sirup  is  called  the  strike;  while  striking  is  the  term  applied  to  the 
operation  of  removing  the  contents  of  the  evaporating  pan  into  the 
cooler^  a  large  vessel  for  their  reception,  in  which  the  sirup  is  al- 
lowed to  cool  and  crystallize. 

6.  The  thermometer  is  used  for  the  determination  of  this  striking 
point  only  by  those  who  boil  in  vacuo,  and  by  some  who  employ 
open  pans;  and  most  of  the  sug^r  manufacturers  depend  entirely 
upon  certain  signs  or  appearances,  which  become  familiar  to  the 
workmen  by  practice.  The  use  of  a  thermometer  is  objected  to  by 
many,  for  two  reasons:  first,  that  it  does  not  indicate  changes  with 
sufficient  rapidity;  and,  Secondly,  that  sirups  of 'different  degrees 
of  purity  require  different  temperatures.  Whatever  may  be  the 
force  of  these  objections  with  respect  to  dependence  upon  a  ther- 
mometer alone,  they  certainly  bavie  no  meaning  wh.en  applied  to 
the  combined  us^  both  of  thermometric  indications  and  the  above 
mentioned  signs.  The  thermometer  furnishes  a  ready  and  perfect 
means  of  knowing  whether  the  concentration  approaches  the  stri- 
king point;  while,  if  sirups  of  proper  purity  be  operated  upon,  it 
also  shews  exactly  when  they  are  evaporated  to  any  fixed  degree. 
The  objection  that  the  temperature  varies  for  diflferent  sirups,  serves, 
therefore,  rather  to  confirm  the  propriety  of  using  thermometers 
than  to  detract  from  their  value,  since,  by  virtue  of  this  very  vari- 
ation, they  serve  as  checks  upon  the  preceding  operations,  and  may 
be  employed  to  detect  the  insufficient  or  excessive  use  of  lime,  in- 
jury by  fermentation^  etc.;  and  although,  in  working  second  pro- 
ducts, as  in  ordinary  bastard  sugar,  the  temperature  of  the  striking 
point  varies  from  that  required  by  pure  sirups,  yet  this  will  also 
take  place  approximatively  at  a  mean  degree;  any  considerable 
variation  from  which  will  indicate  some  unusual  change.  The  ob- 
jection of  want  of  sufficient  sensibility  is  one  of  little  value;  for 
the  construction  of  thermometers  is  now  so  well  nqderstood,  that 
they  may  readily  be  made  of  any  required  degree  of  delicacy. 

I  must  confess  that  I  am  skeptical  with  reference  to  the  force,  and 
even  the  honesty,  of  objections  urged  against  the  use  of  an  instru- 
ment so  perfect  as  the  thermometer,  and  in  favor  of  entire  depend- 
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ence  upon  mere  indications  of  touch,  etc.,  established  by  familiar 
pontine.  The  prejudices  of  ignbrant  workmen  are  always  strong 
and  obstinate,  with  reference  to  any  change  ih  op.eratiQns  which 
they  have  had  the  trouble  to  learn,  an<l  frequently  to  perform;  and 
it  is,  therefore,  sufficient  oause  with  them  for  condlemning  any  im- 
proTement  that  it  is  something  new,  no  matter  how  valuable,  un- 
less it  be  of  the  nature  of  labor  saving  machinery,  to  indulge  them 
in  laziness.  This  remark,  though  true  for  all  branches. of  industry, 
is,  perhaps,  for  none  more  so  than  for  the  sugar  manufacture,  which 
has  been  confided  chiefly  to  negroes,  and  scarcely  less  stupid  a\id 
ignorant  white  men.*    • 

For  recommending  the  me  of  the  thermometer,  there  is,  how- 
ever, a  reason  of  great  importance,  apart  even  from  the  question 
of  its  fitness  for  determining  exactly  the  proper  striking  point;  and 
which  reason  is,  that  it  furnishes  the  only  means  of  obtaining  defi^ 
nite  and  precise  knowledge  with  reference  to  the  evaporation  of 
concentrated  sirups.  The  planter  or  refiner  who  would  understand 
the  subject,  and  obtain  comparative  results,  must  employ  the  ther- 
mometer. 

In  one  of  the  best  and  largest  refineries  of  the  United  States^ 
formerly  conducted  upon  the  system  of  evaporating  in  open  pans, 
the  thermometer  was  employed  for  regulating  the  evaporation  of 
the  sirup. t  The  instrument  used  was  two  or  three  feet  long,  so  as 
to  give  very  large  degrees,  that  could  be  read  through  the  vapor. 
It  was  suspended  so  that  its  bulb,  protected  by  a  metallic  ring,  was 
situated  in  the  syrup,  while  its  scale  was  defended  by  a  case  of 
wood.  Th^e  striking  point  was  usually  230°  to  240°;  the  poorer 
the  sugar,  the  higher  the  heat.  This  rmnery  has  since  been  chan- 
ged, and  is  now  conducted  upon  the  system  of  vacuum  pans. 

7.  M.  Dutrone  (who  seems  to  have  prosecuted  his  investigations 
with  exactness  of  method  and  inquiry  creditable  in  the  highest  de- 
gree, especially  at  his  day)  was  fully  sensible  of  the  value  and  iia* 
pdrtance  of  the  thermometer  to  the  sugar  manufacturer.  Atw?r 
having  practically-^acquainted  himself  with  the  operations  in  use, 
even  to.  their  most  ^^inute   details,  and    conducted  an   estate  upon 

"  ^  ^~      '         '  '  "  ".  #, 

*  The  foUawing  criticism  apon  the  Dreceding  remarks  is  extracted  from  an  article  written 
hy  Mr.Yaloour  Aime,.  which  was  published  in  Be  Bow's  Review,  vol.  5,  page  255-: 

'*  The  thermometer  is  advantageously  and  generally  us^d,  to  judge  of  the  state  of  concen* 
tratioD  of  the  scraps,  in  open  evaporating  pans,  heated  by  steam;  bat  the  ifse  of  that  instru- 
ment to  ascertain  the- striking  point,  in  the  manafactufis  of  vacuum  pan  sugar,  is  a  practice 
not  to  be  thought  of.  Syrup  coming  from*  the  blow  tubs  and  leaf,  filters  at  32°.  Beauro6,  Is 
often  at  150°  Fahrenheit,  when  put  into  the  pan.  It  rises  in  fifteen  minutes  id  160°,  and 
may  be  kept  at  that  point  for  several  hours,  nntil  it  reaches  the  proper  degree  of  evaporation; 
indeed,  if  the  boiler  has  at  his  disposal  a  large  supply  of  water,'  he  may,  by  the  mjection 
of  cold  water,  lower  the  temperature  while  the  concentration  is  progressing,  and  this  is 
commonly  done  wbed  it  is  considered  desirable  to  obtain  a  large  and  solid  grain.  The  ther- 
mometer is  employed  in  the  vacuum  pap  to  keep  the  boiler  -advised  ef  the  heat  he  has  m  it« 
and  enable  him,  in  eonj unction  with  the  air  glass  or  barometer,  to  regulate  his  pah  as  to 
steam  and  water;  for  stnkmg,  the  test  by  the  touch  with  the  proof  stick  is  the  only  one  that 
can  bo  depended  upon." 

t  See  Silliman's  Report  on  Sugar,  in  oompliance  with  a  resolotioa  of  the  Home  of  Rapre* 
seatatives^  January  2$,  1830^  page  105. 
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similar  methods,  he  remodelled  the  whole  system,  with  the  most 
satisfactory  results.  He  formed  and  employed  a  table,  showing 
the  state  of  concentration  progressively  for  each  degree  of  Reau- 
mur's scale;  and  he  strongly  recommends  its  use,  in  connexion 
with  the  signs  familiar  to  experienced  workmen.  Dutron^'s  table 
was  based  upon  lexperimeirtal  researches;  and  I  therefore  give  it 
below,  modified^  howeverj  by  substituting  the  corresponding  de- 
grees of  Fahrenheit's  thermometer  for  those  of  Reaumur,  and  de- 
ciipal  values,  at  each  degree  af  concentration,  in  place  of  the  Jess 
simple  though  equivalent  expressions  in  pounds,  ounces,  etc.,  used 
by  Dutrone.  ^^ 

At  22®  Reaum.,  (81^,5  Fahr.,)  it  re^res  (according  to  Dutrone) 
three  parts  of  water  and  five  parts  of  sugar  to  form  a  saturated  so- 
lution. He  therefore  used  sirups,  made  by  dissolving  100  pounds 
of  sugar  in  60  pounds  of  water  for  his  experiments,  from  ifrhich  he 
constructed  the  following  table< 


o 

1 

11 

8,= 

« 

11 

.  1 

Per  cent,  of  the  w 
which  still  remaii 
combination. 

Per  cent,  of  the  sc 
which    separates 
crystals. 

Per  cent,  of  sugar 
united  with  wate 
form  of  sirap. 

219 

0.00    I 

100.00 

0.00 

100.00 

221 

8.00  *^ 

'     92.00 

8.00 

^92.00 

223 

19.30 

80.70 

19.25 

80.75 

225 

30.00 

70.00 

30.00 

70.00 

228 

40.70 

59.30 

41.00 

69.00 

230 

62.00 

48.00 

62.00 

48.00 

232 

66.30 

43.70 

66.00 

44.00 

235 

60.30 

39.70 

60.30 

39.70 

237 

63.40 

36.60 

63.25 

36.76 

239 

65.40 

34.60 

66.20 

33.80 

241 

69.90 

30.10 

69.15 

30.85 

243 

72.10 

27.90 

72.05 

27.95 

246 

75.00 

25.00 

75.00 

25.00 

248 

77.45 

22.55 

77.45 

>    22.65 

250 

81.50 

18.50 

80.30 

19.70 

252 

83.50 

16.50 

83.20 

16.80 

255 

85.00 

15.00 

85.00 

16.00 

257 

87.00 

13.00 

87.25 

12.75 

269 

88.60 

11.50 

88.40 

11.60 

261 

90.10 

9.90 

90.06 

^     9.95 

264 

92.00 

8.00 

91.26 

8.T5 

266 

92.90 

7.10 

92.45 

7.65 

268 

94.10 

5.90 

94.10. 

6:90 

270 

95.30 

4.70 

'     96.20 

4.80 

273 

97.35 

2.65 

97.00 

3.00 

275 

98.20 

1.80 

98.10 

1.90 

277 

99.15 

0.85 

99.10 

0.90 

280 

100.00 

0.00 

100.00 

0.00 

8.  It  is  evident,  upon  inspection,  that  the  first  and  third  columns 
of  this  table;  and  therefore  the  second  and  fourth  also^  are  nearly 


271  [  50  ] 

identical.  They  should  be  exactly  so;  for  the  quantities  of  crys- 
talline matter  separated  from  a  saturated  solution  depend  Upon,  and 
are  proportional  to,  the  water  evaporated.  The  slight  differences 
from  identity  which  occur  in  some  of  the  corresponding  terms,  and 
which  in  no  instance  exceed  fractional  values,  confirm  the  accuracy 
of  Dtttrone's  work;  for  in  all  experiments  errors  of  weighing,  etc., 
must  occur,  and  the  small  differences  referred  to,  therefore,^  furnish 
evidence  of  the  faithfulness  of  the  observer,  and  of  tbe  truth  of 
his  statement  that  the  table  is  composed  of  actual  experimental  re- 
sults. Had  Dutrone  obtained  only  one  column  by  experiments — 
the  first,  for  instance — and  then  calculated  the  other  three  from  the 
first,  as  he  might  have  done,  the  above  mentioned  approximative 
identity  would  hive  been  exact.  But  by  expressing  his  results  in 
gross  weight  of  pounds,  ounces  and  grains,  and  nsiQg  for  his  solu- 
tions sixty  pounds  of  water,  and  one  hundred  pounds  of  sugar,  the 
identity  is  concealed,  which  appears  at  once  when  we  employ  de- 
cimal values,  or  per  cent,  of  the  original  quantities  of  water  and 
sugar  combined. 

9.  No  other  instrument  than  the  thermometer  has  yet*been  em* 
ployed  in  open  pans  for  ascertaining  the  precise  degree  of  con- 
centration at  which  the  evaporation  of  sirups  should  terminate. 
The  areometer  of  Beaum^  answers  very  well  for  lower  degrees  of 
density,  although  that  instrument  is  not  to  be  depen^led  upon  for 
accuracy,  within  one  or  two  degrees,  by  reason  of  erroneous  prin- 
ciples of  construction;  but  the  viscosity  of  concentrated  sirups  im- 
pedes the  motion  of  -any  hydrometer,  however  exactly  constructed, 
to  such  an  extent  that  no  instrument  of  the  kind  is  of  any  use  for 
determining  the  striking  point.  This  determination  must  therefore 
be  made  either  by  the  thermometer,  or  by  the  signs  known  to  the 
workmen,  or  by  the  two  combined.  *'The  use  of  the  thermoineter," 
says  Dutrone,^  *'in  the  striking  {cuite^)  far  from  excluding  the 
proof  of  the  fingers,  which  is  very  convenient,  serves,  an  the  con- 
trary, to  cast  light  uppn  it,  and  tp  render  the  practice  less  uncer- 
tain; it  gives  to  the  refiners  fixed  and  relative  terms,  upon  which 
they  may  depend  with  security." 

10.  I  have  sought  to  acquaint  myself  with  the  signs  employed  by 
sugar  boilers,  practically,  as  well  as  from  oral  and  written  descriptions 
of  them;  and  from  what  I  have  heard  as  well  as  seen  of  them,  I 
have  become  fu'ly  convinced  that  some  of  these  signs  are  very  use- 
ful and  delicate,  and  that  all  of  them  are  more  or  less  valuable.  I 
would  not,  then  fore,  be  considered  as  underrating  their  importance 
in  recommending  the  thermometer  to  be  used  in  connexion  with 
them;  nor  as  c<  ndemning  their  use,  if  I  censure  an  ignorant  and 
implicit  dependence  upon  them  alone. 

11.  In  the  island  of  Cuba  the  Spanish  sugar  maker  judges  of  the 


*  See  Pr^is  «izr  !a  Caane,  page  182. 
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state  of  concentration  by  three  things:  first^  by  the  appearance  of 
the  bubbles  formed  by  the  e$»caping  steam;  when  these  become 
nearly  of  equal  size,  find  uniformly  distributed  over  the  surface  of 
the  boiling  sirup,  he  Concludes  that  the  evaporation  is  nearly  suffi- 
cient; secondly,  if,  upon  dipping  his  copper  ladle  into  the  sirup 
and  removing  it  bottom  upwards,  the  sirup  covers  it. thickly  and 
falls  ^lowly  in  distinct  drops,  this  proof  confirms  the  first;  and, 
lastly,  when  by  the  preceding  proofs  it  is  known  that  the  sirup  is 
concentrated  nearhy  to  the  desired  point,  then  he  resorts  to  the 
roof  by  the  touchy  as  practised  elsewhere;  but  he  judges  not  only 
y  the  forms  the  thread  of  sirup  assumes  in  breaking,  but  also  by 
the  sound  produced  Tiehen  the. finger  is  suddenly  separated  from  the 
thumb^  and  the  3irup  bjetween  them  torn  quickly  a4)art.  The  shorter 
the  sound,  the  more  concentrated  is  the  .sirup.  When  the  thread 
breaks,  and  the  retracting-  portion  curls  itself  into  a  spiral,  the 
sirup  is  considered  of  the  proper  degree  for  making  clayed  sugar; 
for  muscovado  sugar  it  is  boiled  to  a  slightly  further  degree.  The 
workmen,  however,  seem  to  have  no  clear  ideas  respecting  the 
nature  of  the  operation,  and  speak  loosely  of  it,  as  one  of  cooking 
— like  those  of  frying,  stewing,  boiling,  etc.,  faiiiiliarly  practised 
in  the  prep.atation  of  food.  So  far  from  regarding  it  merely  as 
evaporation  of  water,  many  of  them,  by  reason  of  the  crystalliza- 
tion which  takes  plac^  subsequently  as  the  sirup  cools,  think  that 
spme  change  is  produced  by  the  heat  upon  the  sugar  in  thejuice, 
by  which  it  becomes  hardened,  as  albumen  is  coagulated  in  a  hard- 
boiled  egg.  Fropi  ideas  sOr'Crude,  ao  union  of  knowledge  and  pracr 
tice  can  possibly  re^sult;  and  the  success  of  the  sugarmaker  de- 
pends, therefore,  upon  the  infallibility  of  the  empirical  rules  he 
blindly  follows.   . 

12.  The  proof  by  the  touch  above  mentioned  is  used,  I.believei 
alike  by  the  refiners  and  the  sugarmakeis  of  all  nations,  both  in 
Europe  anjd  America,  and  with  very  slight  modifications.  '  A  small 
portion  of  the  sirup  is  taken  for  trial  between  the  index  finger  and 
the  thumb:  when  it  is  cool,  the  finger  is  separated  frbm  contact 
with  the  thumb,  and  the  sirup  examined  by  placing  it  between  the. 
eye  and  the  light.  At  different  degrees  of  Concentration  the  fol- 
lowing indications  successively  occur;*  *^  1st,  two  drops  separate — 
that  on  the  thumb  and  below  is  the  larger;  2d,  the  drops  become 
nearly  equal,  and  do  not  separate  until  the  fingers  are  drawn  more 
widely  apart;  3d,  by  the  separation  of  half  an.  inch  a  thread  is 
drawn  out,  which  finally  breaks  below;  the  end  of  the  thread  be- 
comes claviform,  and  it  rises  slowly  towards  the  fin-ger;  4th,  the 
same  thing  occurs  at  a  greater  distance;  the  end  of  the  thread  is 
folded  back,  and  gives  to  the  thread  the  shape  of  a  ribbon  or  long 
strip,  which  rises  more  rapidly  than  before;  5th,  after  a  greater 
separation  of  the  fingers  the  thread  breaks,  being  very  fine  at  the 
end;  which  turns  aside  and  .twists  up  like  a  cork  screw.     It  does 


*  See  Dlctioaofurie  do  rindostrie;  p.  407.   PArifl^  1841. 
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not  fold  itself  upon  the  rest  of  the  thread,  as  before,  and  the  thread 
does  not  increase  in  volume  except  by  the  cohesion  which  draws 
the  particles  towards  ^the  finger,  which  is  the  only  adhering  point. 
A  little  more  concentration  prevents  the  thread  from  shrinking  at 
all  upon  itself." 

In  the  United  States  the  manufacturers  of  sugar  from  cane  juice 
ude  the  proof  by  the  touchy  and  consider  sirup  sufficiently  concen- 
trated when  the  broken  thread  curls  up  in  the  form  of  a  cork-screW| 
or  at  the  fifth  of  the  degrees  abov^  described.  They  sometimes  use 
the  thermometer,  and  the  temperature  to  which  they  boil  is  usually 
about  236^  Fahr.  The  proof  by  dipping  the  copper  ladle  into  the 
sirup  is  also  generally  employed;  a  thick  coating  of  sirup,  which 
drains  off  slowly,  and  presents  a  granular  appearance,  being  the 
sign  that  the  operation  is  finished. 

The  refiners  who  use  open  pans  rely  generally  upon  the  proof  by 
the  touchy  and  sometimes  a  thermometer;  but  the  former  is  pre- 
ferred. 

In  the  British  West  Indies  the  proof  by  the  touch  is  not  only  that 
chiefly  depended  upon,  but  the  names  of  the  evaporating  pans  have 
even  been  taken  from  it,  the  pronunciation  of  the  word  touch  hj 
the  African  slaves  being  teache.  They  also  employ  the  proof  by 
dripping  from  the  ladle. 

13.  The  French  seem  to  have  bestowed  upon  the  indications  em- 
ployed by  the  workmen  more  attention  than  other  nations.  The 
technical  terms  or  names  given  by  them  to  these  indications  are 
numerous,  and  these  constitute,  when  practically  understood,  the 
sum  of  the  knowledge  of  the  French  sugar  boiler.  Dutrone's  ac- 
count of  the  terms  in  use  by  the  French  refiners  of  his  time,  and 
his  critical  remarks  upon  them,  seem  to  be  so  clear  and  judicious 
that  I  here  embody  a  translation  of  them.* 

^'The  refiners,  both  of  America  and  Europe,  have  never  had  a 
just  idea  of  the  action  of  heat  in  the  concentration,  {cuite,)  Thej 
observe  well  some  of  its  effects,  to  which  they  give  various  names; 
but  they  have  no  knowledge  of  the  nature  of  its  action,  which  they 
have  often  denoted  by  the  word  cumon,  (candying,)  a  term  applied 
only  to  the  principal  operation  in  the  art  of  the  confectioners. 
This  operation  (cuisson)  is  comprised  between  the  limits  of  IM)® 
and  120^  of  Reaumur's  thermometer,  (280^  and  302^  Fahrenheit,) 
an  instrument  which  should  serve  in  this  art,  as  in  that  of  the  r.efi- 
cer,  to  ascertain  and  fix  the  different  degrees  of  candying  {cuisson) 
which  the  confectioner  needs  in  all  his  preparations;  degrees  which 
he  denotes  by  terms  derived  from  the  various  appearances  which 
the  sugar  presents  in  cooling  upon  a  spoon  or  the  skimmer;  name- 
ly, candying  au  per/6^  (at  the  pearl;)  a  la  plume^  (at  the  feather,) 
^c. — degrees  which  have  no  reference  to  any  fixed  limits,  and 
which   the  most  skilful  workman  always  finds  difficulty  in  seizing. 

^^As  the  refiners  have  never  understood  the  nature  of  the  action 
of  heat   in  the  concentration,  {cuitej)  they  have   not  been  able  to 

*  See  Datronei  Pr^oia  tor  U  Canae,  p.  177. 
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define  it.  Also,  there  seems  to  be  no  definition  of  the  term  cutr€ 
in  any  dictionary,  except  in  the  Encyclopidie^  in  which  we  find: 
cuire^  a  technical  term  of  refiners,  the  action  of  petrifying  the 
sugar  in  sirup  by  boiling  it  for  a  sufficient  length  of  time.  The 
reader  may  judge  of  the  merits  of  this  definition. 

^>The  knowledge  of  the  refiner  is  limited  to  certain  terms,. which 
he  uses  to  designate  the  particular  state  in  which  he  finds  the  sirup 
he  wishes  to  concentrate,  (cutre.*)  As  soon  as  the  saccharine  so- 
lution becomes  of  the  consistence  of  sirup,  he  plunges  into  it  a 
skimmer,  and,  after  taking  it  out  and  exposing  it  to  the  air,  turn- 
ing it  several  times  upon  itself,  he  holds  it  steady;  if  the  sirup 
which  is  attached  to  it  flows  off  in  separate  drops,  which  fall 
slowly,  he  designates  this,  state  by  the  expression /aire /a  gou^^e,  to 
make  the  drop. 

^^When  the  concentration  commences,  if  the  sirup  which  covers 
the  skimmer  forms  a  sheet  in  falling,  he  designates  this  state  by 
the  expression /aire  la  toiUy  to  make  the  sheet. 

/^Such  are  the  first  degrees  of  the  concentration:  the  others, 
more  advanced,  are  taken  from  the  signs  which  the  sirup  gives 
when  subjected  to  the  proof  by  the  finger.  This  proof  consists  in 
taking  with  the  end  of  the  thumb,  from  a  ladle  or  stirrer  which 
has  been  plunged  into  the  sirup,  a  small  portion  thereof,  with 
which  the  index  or  middle  finger  is  then  brought  in  contact,  in 
order  to  see  whether  it  has  acquired  sufficient  consistence  to  adhere 
to  the  finger,  and  to  be  drawn  out  into  a  thread  when  the  thumb 
'and  finger  are  separated;  in  which  case  it  is  said  to /aire  lefil^ 
make  the  thread.  When  the  sirup  is  still  more  concentrated,  and 
the  thread  thus  formed  sustains  itself  well,  the  thumb  is  moved  to- 
wards the  base  of  the  little  finger,  the  index  being  held  fixed 
above;  if  the  thread  breaks,  they  then  say  that  lejfil  $e  romptj  the 
thread  breaks.  The  other  terms  are  derived  from  the  manner  in 
which  the  thread  is  formed  and  breaks,  and  the  various  shapes  it 
assumes  in  shrinking  after  it  is  broken. 

^'It  is  in  the  recollection  of  these  terms,  and  of  some  others  of 
like  kind,  and  not  less  important,  that  the  science  of  the  refiuer 
chiefly  consists. 

"There  are  other  relative  terms — such  as  cuite  forte^  (strong 
concentration;)  cuite  Jaible^  (weak  concentration;)  bonne  cuite^ 
(good  concentration;)  but  since,  in  the  operation  of  the  cuite^  there 
is  no  fixed  or  determined  point,  these  expressions  refer  only  to  the 
design  of  the  refiner  with  regard  to  the  sirup  he  operates  upon, 
relatively  to  the  quality  of  the  sugar,  to  the  vessel  in  which  he 
places  it  to  crystalize,  and  to  the  state  in  which  he  wishes  to  ob- 
tain it;  objects  which  he  seeks  to  attain,  but  misses  more  or  less^ 
from  ignorance  or  accident." 


*  There  is,  I  believe ,  no  English  word  of  the  same  signification  as  this  Freach  technical 
term  cuire^  which  might  be  translated  to  tookj  but  I  prefer  to  use  the  word  conctfUratt,  as 
niore  correct. 
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14.  Since  the  time  of  Dutrone,  the  beet  sugar  industry  has  been 
established  in  France,  and  some  new  methods  of  determining  the 
degrees  of  concentration  have  been  practised  there.  The  terms  in 
use  among  French  sugar  refiners  are  also  now  fixed  by  the  temper- 
atures corresponding  to  the  degrees  of  concentration  designated  by 
them,  as  well  as  by  the  relative  composition  of  the  sirup.  The 
terms  themselves  are  derived,  some  from  the  proof  by  the  touchy 
performed  as  «iescribed  by  Dutrone,and  from  the  forms  assumed  by 
the  thread  between  the  thumb  and  finger;  and  others  from  the 
fTtuve  au  sovJH6^  described  below. 

The  following  table  furnishes  not  only  exact  definitions  of  the 
states  of  concentration  denoted  by  the  technical  terms  of  the 
French  refiners,  but  also  the  composition  of  sirups  evaporated  to 
the  differeLt  corresponding  temperatures,  as  indicated  by  the  de« 
greesof  the  centigrade  thermometer.  I  have  added  to  the  original 
table,  which  I  extract  from  the  treatise  on  chemistry  of  M.  Du- 
mas,* only,  a  column  adapting  it  to  the  scale  of  Fahrenheit,  gene- 
rally used  in  thin  country: 


Temperature. 

CofnposUion. 

Benominatioa. 

Centigrade 

Fahrenheit 

Sugar. 

Water. 

133« 

271^.4 

100 

132.50 

270.5 

100 

•..•■■ 

Cass^  sur  le  dbigt. 

128.50 

263.3 

100 

'l6.92 

Grande  eass^. 

122.10 

251.8 

100 

••..•. 

Petit  cassd. 

115 

239 

100 

16.29 

112.50 

234.5 

120 

248 

.100. 

Grande  souffle. 

119 

246.2 

100 

Souf!l6  ordinaire. 

112 

233.6 

100 

'islsi 

Crochet  fort. 

110.50 

231 

100 

25.06 

Crochet  ordinaire. 

108 

226 

100 

28.52 

Filet  l^ger. 

106 

223 

160 

36.00 

Crochet  faible. 

106 

221 

100 

41.63 

104.50 

220.1 

100 

47.26 

104.25 

219.6 

100 

53.26 

103 

217.4 

100 

91.11 

102 

215.6 

100 

88.96 

101.75 

215.1 

100 

106.81 

101 

213.8 

100 

124.66 

The  preuve  au  sovffldy  proof  by  blowings  is  performed f  by  dip- 
ping a  skimmer  into  the  sirup;  it  is  moved  to  avoid  the  scum,  and 
slightly  shaken  in  removing  it  to  spread  the  sirup  uniformly  over 
the  surface  of  the  instrument;  the  handle  is  held  horizontally,  so 
that  the  disc  is  incl.ned  at  an  angle  of  about  45°,  and  the  workmen 
then  blow  strongly  against  it.  The  sirup  is  well  concentrated  if 
at  each  hole    of  the   skimmer  a   spherical   bubble  is  formed    of  at 


*  See  Dumas  Trait^  f<e  Chim.  Appliq  aux  Arts,  vql.  6,  page  266. 
t  See  Pitoionnaaire  de  l^ndostne,  p.  407. 
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least  half  an  inch  in  diameter.  The  less  the  sirup  is  concentrated, 
the  fewer  and  smaller  will  the  bubbles  be.  The  vapor  arising  from 
the  evaporating  pan  hinders  the  formation  of  bubbles,  and  the  di- 
ameter of  each  of  the  holes  in  the  skimmer  should  not  be  more 
than  the  eighth  of  an  inch." 

15.  Another  table,  also  taken  from  the  same  valuable  chemical 
work,  gives  the  per  cent,  of  water  and  of  sugar  contained  in  sirup 
concentrated  to  the  degree  corresponding  to  each  technical  term. 


Sugar. 

Water. 

Proof. 

95.75 

92.67 

91 

89 

88 

87 

4.25 
7.33 
9 

11 

12 

13 

Grand  oass^. 
Petit  oaas^. 
Grand  souffle. 
Petit  souffle. 
Croobet  16ger. 
Crochet  fort. 

16.  The  proofs  by  the  touch  and  by  blowings  preuve  uu  filet  and 
preuve  au  soufflS^  are  the  most  delicate,  convenient  and  certain, 
and  therefore  chiefly  employed;  but  there  are  other  proofs  used 
by  French  refiners,  which  are  subsidiary  to  them.  Of  these,  the 
preuve  a  la  denty  proof  by  the  teeth,  is  performed  by  tryinjy  the 
sirup  between  the  t^eth.  ^'  If  it  offers  sufficient  resistence  without 
breaking  readily,  it  is  nearly  concentrated.  This  proof  requires 
long  practice,  and  cannot  be  easily  described."  And  the  preuve  d 
Peau  or  preuve  au  boul^y  (proof  by  water  or  h%  a  ball,)  is  tried  by 
**  putting  about  half  an  ounce  of  the  sirup  into  a  vessel  of  cold 
water;  it  is  then  taken  into  the  hand,  and  if  it  can  be  rolled  into  a 
ball  without  dissolving  entirely,  or  sticking  between  the  fingers, 
it  is  sufficiently  evaporated.  By  stretching  this  mass  between  the 
two  hands,  and  placing  it  between  the  eye  and  the  light,  the 
smallest  portions  of  foreign  matter  can  easily  be  seen-^such  as 
boneblack,  the  deposite  in  the  boilers,  &c."* 

17.  Having  thus  described  the  methods  followed  by  those  who 
employ,  open  pans  to  prepare  saccharine  solutions  for  crystalliza- 
tion, or,  in  the  technical  language  of  the  workmen,  to  convert  the 
sirup  into  strike^  I  proceed  next  to  the  discussion  of  the  compar- 
ative operation  of  concentration  in  vacuo. 

\  We  have  seen  that  the  water  cannot  be  driven  entirely  from  the 
sugar  by  heat,  without  destroying  the  sugar  itself,  at  the  elevated 
temperature  to  which  it  has  to  be  subjected;  and  that  as  the  tem- 
perature rises,  the  portion  of  water  of  solution  retained  in  combi- 
nation,]^though  it  grows  less  and  less,  is  still   sufficient  to  dissolve 


*  See  Dictionnaire  de  IlodoiUrie,  p.  108. 
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all  the  sugar,  in  consequence  of  the  increase  of  affinity  due  to  the 
heat.  But  as  it  cools,  the  water  will  abandon  the  portion  which 
the  heat  caused  it  to  dissolve;  and  when  it  attains  the  ordinary 
temperature  of  the  atmosphere,  it  will  be  combined  with  only 
about  twice  its  own  weight  of  sugar.  The  sugar  abandoned  will  , 
be  crystalline,  and  will  constitute  the  first  and  principal  product  of 
the  manufacture,  while  the  remaining  sugar  combined  with  the 
water  will  forip  the  mother-waterj  sirupj  or  molasses^  from  which, 
by  subsequent  concentration,  second  products  are  obtained.  The 
higher  the  degree  of  concentration,  the  less  will  therefore  be  the 
quantity  of  mother-water^  or  molasses,  and  the  greater  the  yield  of 
sugar.  But  to  this,  as  we  have  already  stated,  there  is  a  practical 
limit  prescribed  by  the  'condition  that  the  consistence  or  fluidity 
should  be  such  as  to  permit  the  crystallization  to  take  place  readily, 
and  the  mother-liquor  to  drain  freely. 

A  very  different  set  of  phenomena  occur  when  we  evaporate  sac- 
charine solutions  in  vacuo.  The  temperature  of  the  sirup  in  this 
case  rarely  exceeds  175^  Fahrenheit,  and  therefore  much  of  the 
water  of  the  sirup  which  evaporates  deposites  the  sugar  it  was 
united  with  in  a  solid  crystalline  form  within  the  vacuum  pan. 

18.  At  the  temperature  of  60^  Fahrenheit,  a  saturated  solution 
of  sugar  and  water  is  composed  of  two  parts  of  sugar  and  one  of 
water;  ,and  at  212^  Fahrenheit,  by  reason  of  the  increase  of  affinity 
due  to  the  change  of  temperature,  water  becomes  satufrated  only 
when  it  is  united  with  five  times  it  own  weight  of  sugar.  Hence, 
if  we  attempt  to  evaporate  a  sirup  which  is  saturated  at  the  tempe- 
rature of  60  Fahr.,  and  by  means  of  heat,  so  regulated  that  it  shall 
attain,  but  never  exceed,  the  degree  of  212^  Fahr.,  one-half  of  the 
water  will  have  to  be  ceaverted  into  vapor  before  the  sirup  will 
constitute  a  saturated  solution  at  the  more  elevated  temperature  it 
has  acquired.  But,  as  soon  as  the  proportion  of  water  is  thus  re- 
duced, at  212^,  from  one-third,  to  one-sixth  of  the  sirup  it  forms, 
any  further  evaporation  will  cause  the  sugar  to  separate  in  a  solid 
crystalline  state,  the  affinity  or  solvent  power  of  the  water  being 
saturated.  And  if  the  operation  be  continued,  sugar  will  be  de- 
posited in  the  pan,  until  the  consistence  of  the  mixed  mass  of  crys- 
tals and  sirup  becomes  too  thick  either  to  transmit  the  heat  readily 
from  particle  to  particle,  or  to  be  easily  removed  from  the  pan,  if 
it  be  necessary  to  draw  it  off  by  means  of  a  cock. 

Such  would  be  the  result  of  evaporation  at  212^  Fahr.,  whether 
performed  in  close  or  open  vessels.  But  if  we  employ  a  vacuum 
pan,  then,  by  virtue  of  the  fact  that  the  temperature  is  grealy  re- 
duced, in  consequence  of  the  rapid  absorption  of  latent  heat,  the 
mother- liquor,  or  unevaporated  portion  of  the  sirup,  will  be  com- 
posed of  a  more  dilute  solution  of  sugar.  The  solubility  of  sugar 
in  water  at  the  temperature  of  175^  Fahr.,  has  not,  to  my  know- 
ledge, been  determined  accurately  and  by  experiment;  but  in  the 
absence  of  such  exact  knowledge,  we  may  assume,  with  sufficient 
probability  for  our  purposes,  that  at  175°  water  dissolves  four  times 
its  own  weight  of  sugar.     This  cannot  be  far  from  the  truth;  for. 
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as  above  mentioned,  the  ^solubility  of  sugar  increases  with  8;reat 
rapidity  at  elevated  temperatures,  but  changes  between  60°^  and 
and  21*2^  Fahrenheit,  from  two  to  five  times  the  weight  of  the 
water  contained.  Hence,  at  175°  Fahr.,  sirup  will  evaporate  in 
vacuo,  until  it  is  composed  of  about  one  part  of  water  and  four 
parts  of  sugar,  and  then  becomes  perfectly  saturated.  Any  further 
concentration  serves  but  to  c^use  the  sugar  to  separate  in  crystals. 
And  this  deposition  of  solid  sugar  may  be  carried  on  until  the  mix- 
ture attains  a  consistence  so  thick  that,  if  not  removed,  the  mass 
would  solidify  in  the  pan. 

So  rapid  is  the  evaporation,  however,  if  the  vacuum  be  well 
maintained,  that  the  contents  of  the  pan  do  not  attain  the  tempera- 
ture of  175°  Fahr,,  until  their  consistence  becomes  such  as  ,to 
require  removal;  for,  by  reason  of  the  diminished  pressure,  vapor 
forms  at  much  lower  temperatures  in  sufficient  quantity  to  prevent 
the  sirup  becoming  heated  to  175°,  until  this  evaporation  is  some- 
what checked  by  the  mechanical  resistance  of  the  viscid  mass  or 
magma  which  it  produces.  < 

19.  The  following  table,  taken  from  Ure's  Dictionary,  shows  the 
corresponding  boiling  points  and  barometric  presstrtres  for  sirup 
evaporated  in  Howard's  vacuum  .pan: 
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20.  The  temperature  to  which  the  sirup  is  evaporated  by  refiners 
is  usually  from  160^  to  170^,  and  it  varies  with  the  purity  of  the 
solution  and  nature  of  the  article  to  be  obtained.  The  semifluid 
mass  of  sngar  and  sirup,  called  usually  the  shippings^  is  drawn  off 
from  the  vacuum  pan  into  a  large  double-bottomed  kettle  called  a 
cooler^  and  there  heated  by  steam  to  180°  or  200°  Fahrenheit,  from 
which  it  is  then  dipped  out  and  poured  into  the  moulds.  By  this 
increased  temperature  the  water  of  the  sirup  is  enabled  to  dissolve 
an  additional  quantity  of  sugar,  which  subsequently  solidifies  in 
the  moulds,  binding  the  detached  crystals  together  into  a  compact 
loaf,  and  rendering  the  grain  larger  and  more  beautiful,  by  virtue 
of  the  property  which  large  crystals  have  to  grow  at  the  expense 
of  smaller  ones. 

In  the  manufacture  of  vacuum  pan  sugar,  whether'from  the  cane 
juice  or  in  refining,  it  is  considered  highly  desirable   to   obtain  a 
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large  crystalline  grain.  This  may ,  in  a  measure,  be  done  by  heat- 
ing the  cooler  as  above  described,  but  more  effectually  by  evapor- 
Ming  the  sirup  in  successiye  portions,  so  that  the  crystals  obtained 
from  one  portion  may  constitute  nuclei  for  the  formation  of  larger 
<^rystals  in  another.  By  availing  himself  of  the  principles  of  crys- 
tallization, the  sugar  boiler  may,  indeed,  vary  the  grain  of  his  pro- 
ducts almost  at  his  pleasure;  large,  solid,  and  perfect  crystals  being 
formed  by  the  influence  of  nuclei^  fluidity  of  the  mother-liquor,  and 
gentle  changes  of  temperature  and  density;  while  rapid  evapora- 
tion, mechanical  agitation,  and  diffused  action,  in  the  absence  of 
centres  of  cohesion  presented  by  nuclei,  tend  to  produce  a  confused 
and  finely  divided  grain. 

It  may  here  be  observed  that  the  effect  of  heating  in  a  cooler  may 
he  accomplished  in  the  vacuum  pan  itself.  For  this  purpose  it  is 
only  necessary  to  destroy  the  vacuum  by  admitting  the  air,  and  to 
allow  the  steam  still  to  act  within  the  double  bottom.  In  this 
•manner,  also,  the  ^uidity  of  the  skipping  may  be  increased,  and 
evaporation  may  consequently  be  pushed  to  a  degree  which  would 
otherwise  be  attended  with  consolidation  within  the  vacuum  pan. 

The  preceding  accounts  of  the  indications  which  present  them- 
selves in  the  evaporation  of  sirups  is  applicable  to  those  only 
which  are  neutral  or.  pure.  Such  as  are  either  acid  or  alkaline 
behave  quite  differently.  Acid  sirups  concentrate  readily,  but 
become  very  dark  colored  towards  the  close  of  the  operation.  The 
firoofhy  blowing  takes  place  in  such  sirups  before  the  proof  by  the 
touch;  the  grain  of  the  sugar  obtained  is  destitute  of  strength  and 
much  discolored,  and  the  green  sirup  (that  which  drains  spontane- 
ously from  the  sugar)  will  not  admit  of  being  twice  worked. 
Acidity  may  be  owins  either  to  insufiicient  defecation,  to  fermen- 
tation by  allowing  dilute  sirup  to  stand  for  some  time,  or  to  the 
use  of  sulphuric  acid  for  neutralizing  an  excess  of  temper  lime. 
Whatever  may  be  the  cause,  the  remedy  is  to  employ  lime  to  neu- 
tralize the  acid,  and  afterwards  to  clarify  or  filter  through  bone- 
black. 

Alkaline  sirups  concentrate  to  the  striking  point  with  difficulty. 
^Sometimes  they  will  not  froth  up  in  boiling:  the  sirup  itself  \b 
thrown  up;  and  if  fat  be  thrown  upon  the  surface  it  is  converted 
into  an  insoluble  yellow  soap,  which  floats,  but  exerts  no  tranquil- 
izing  influence.  If  bubbles  form,  they  appear  greasy  and- come  off 
slowly,  and  often  pass  entirely  across  the  surface  without  bursting. 
Soon  all  bubbles  cease  to  form,  the  action  subsides,  and,  by  elevat- 
ing the  temperature,  the  sirup  will  be  burnt  before  it  will  again 
boil.  Alkalinity  of  sirups  is  generally  owing  to  an  excess  of  lime 
in  defecation.  When  this  accident  bas  occurred,  it  is  with  difficulty 
remedied.  Filtration  through  boneblack  is  the  only  process  that 
has  yet  been  employed  with  perfect  success;  it  answers  well  unless 
the  excess  of  lime  be  very  great.  Sulphuric  acid  has  been  used 
extensively  in  France;  but  it  must  be  used  with  great  caution,  and 
the  object  sought  must  not  be  to  neutralize  more  than  a  portion  of 
the  limey  for  the  slightest  excess  of  acid  which  may  occur  by  rea-. 
son  of  the  salts  contained  in  the  juice  will  do  great  injury  to  the 
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grain  and  color  of  the  sugar.  Hence^  test  paper  should  gtTe  an, 
alkaline  reaction  with  the  sirup,  even  after  the  addition  of  the 
acid. 

21.  Carbonic  acid  gas  passed  through  the  alkaline  sirup  in  divi- 
ded streams,  removes  all  excess  of  lime  effectually,  and  without 
the  slightest  injury  to  the  sugar.  For  this  purpose  a  simple' appa* 
ratus  is  necessary,  composed  of  a  vessel  in  which  the  gas  is  gene- 
rated, by  pouring  acid  on  powdered  limestone,  marble,  or  chalk, 
and  trom  which  it  is  conducted  by  tubes,  and  permitted  to  escape 
into  the  sirup  through  numerous  small  orifices. 

The  general  pnnciples  of  crystalization,  and  the  methods  for 
ascertaining  the  degrees  of  evaporation  for  sirups,  being  set  forth 
in  the  preceding  articles^  I  now  proceed  to  the  discussion  of  the 
practice  both  of  refiners  and  manufacturers. 

S2.  By  the  refiners  who  employ  the  vacuum  pan,  the  skippings 
are  heated  in  the  cooler,  as  described  above,  and  then  poured,  by 
means  of  copper  basins  or  buckets,  similar  in  form  to  that  of  plate 
II.'*,  fig.  8,  into  conical  moulds.  These  moulds  are  made  either  of 
earthenware  or  of  sheet  iron,  protected  from  rust  by  a  thick  coat 
of  paint.  At  the  time  oi  filUng^  as  this  operation  is  technically 
called,  the  skippings  should  be  Well  stirred  in  the  cooler,  in  order 
to  mix  the  mass  thoroughly,  and  render  it  uniform.  The  moulds, 
after  being  filled,  are  usually  allowed  to  remain  quietly  until  the 
next  day,  when  they  are  removed  to  another  room,  heated  artifi- 
cially to  about  80^  Fahrenheit,  that  the  sirup  may  drain  more 
readily.  The  bung,  which  closed  the  orifice  of  each  mould,  having 
been  withdrawn,  an  awl  is  used  to  perforate  and  brealrup  any  solid 
crust  which  may  have  formed  at  the  bottom,  and  the  mould  is  then 
placed  upon  an  earthen  pot,  into  which  the  syrup  drips.  Some- 
times inclined  troughs,  which  lead  to  a  common  cistern,  are 
substituted  for  dripping  pots^  but  generally  the  latter  are  pre- 
ferred. ^ 

After  the  sirup  has  drained  somewhat  thoroughly  from  the  loaf^ 
which  usually  requires  two  or  three  days,  the  surface  of  the  sugar 
is  scraped  and  levelled  by  means  of  a  circular  instrument,  known 
as  a  bottoming  trowel,  hnd  a  quantity  of  sirup,  made  of  pure  white 
sugar,  is  then  poured  upon  the  loaf.  This  sirup,  or  liquor ,  as  it  is 
called,  sinks  down  into  the  porous  mass  and  displaces  the  colored 
mother-liquor  adhering  to  the  crystals.  The  operation  known  as 
that  of  liquoring,  is  repeated  successively  as  often  as  the  refiner 
may  think  desirable,  after  which,  the  loaves  are  removed  from  the 
moulds  and  placed  in  the  stove  to  dry. 

23.  By  some  of  the  refiners  of  Europe,  the  skippings,  instead  of 
being  poured  into  moulds,  are  transferred  to  pneumatic  troughs,  or 
tigers,  as  they  are  sometimes  called,  which  are  rectangular  vessels, 
about  six  feet  long,  four  feet  broad,  and  two  feet  in  depth,  divided 
b^  a  false  bottom,  made  of  wire  gauze  or  metallic  plates,  pierced 
with  numerous  holes.      Upon  this  false  bottom  the  skippings  are 
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spread  in  a  thin  layer,  and  the  simp  is  caused  to  drain  thoroughly 
and  rapidly,  by  means  of  a  vacuum  formed  between  the  bottoms. 
These  pneumatic  troughs  have  been  used,  also,  in  the  English  colo- 
nies for  the  manufacture  of  sugar  from  cane  juice.  The  sugar  ob- 
tained with  them  is  said  to  be  much  superior  to  that  drained  in* 
the  ordinary  way.  In  Cuba,  I  saw  these  tigers  in  the  refinery  of 
Mr.  Adams,  near  Mantanzas,  who  removes  the  sugar  from  them 
while  still  very  moist,  and  forms  it  into  loaves  by  stamping  it  in 
brass  moulds, ^fter  which  it  is  dried  in  an  oven.  The  loaf  sugar 
he  thus  makes  is  far  mor^  beautiful  and  compact  than  any  'other 
which  I  have  seen  manufactured  from  pulvurlent  sugar  in  a  similar 
way.  To  loaves  thus  mechanically  made,  the  name  of  stamp  loaves 
is  given,  and  the  French  have  applied  the  term  sucre  tap6.  The 
method  is  followed  in  France,  principally  at  Marseilles,  and  in  the 
United  States  by  the  refiners  of  New  Orleans. 

Pneumatic  pans  have  also  been  employed,  in  connexion  with 
Rillieux's  apparatus,  by  Messrs.  Packwood  and  Benjamin,  in  Lou- 
isiana; these  gentlemen,  at  first,  found  difficuly  with  them,  but 
they  have,  of  late,  used  them  with  perfect  ease  and  success.  {*) 

If  pneumatic  troughs  be  used  for  draining,  the  granulatlbn 
should  be  performed  in  the  coolers  or  the  vacuum  pan;  for,  if  crys- 
tallization takes  place  to  any  extent  in  the  pneumatic  pan,  the  con- 
sequence would  be  that  the  perforated  bottom  would  become  ob- 
structed. 

24.  When,  in  refining  sugar,  the  sirup  has  been  concentrated  to 
the  striking  point  by  evaporation  in  open  vessels  to  235°  Fal^ren- 
heit,  and  then  transferred  to  the  cooler,  the  subsequent  treatment 
varies  according  to  the  nature  of  the  product  to  be  obtained.  If  a 
large  and  solid  grain  be  desired,  then  the  cooler  is  about  two-thirds 
filled  with  successive  skippings;  and  the  whole  mass  being  well 
mixed,  to  render  it  uniform,  is  allowed  to  remain  quiel  until  crys- 
tals begin  to  form  on  the  surface  and  upon  the  sides  of  the  vessel;  it 
is  then  stirred  gently  with  a  wooden  instrument,  resembling,  and 
called,  an  oar^  and  in  sucii  a  manner  as  to  diffuse  the  crystals  as 
nuclei  through  the  liquid;  after  this  stirring,  the  sirup  being  again 
permitted  to  be  quiet,  a  second  crop  of  crystals  is  formed,  which' 
also  are  similarly  distributed  by  stirring.  This  operation  is  re- 
peated the  third  time,  and  the  mass  is  then  removed  into  the  moulds. 
This  method  answers  equally  well  for  the  inferior  grades  of  lumpy 
iiistardf  etc. 

35.  In  France,  a  variety  of  refined  sugar  much  in  request,  espe- 
cially for  coffee,  and  of  a  very  white  and  spongy  texture,  is  manu- 
factured by  a  method  of  granulation  the  reverse,  almost,  of  that 
just  described.  The  cooler  is  filled  to  one-fourth  of  its  capacity 
with  sirup,  concentrated  to  the  usual  degree,  which  is  then  vio- 
lently agitated,  so  as  to  cause  evaporation   and  rapid  cooling;  the- 
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crystalization  is  thereby  accelerated,  but  rendered  confused  and 
fin<ely  divided.  When  transferred  to  the  moulds,  the  operation^'of 
hauling,  as  it  is  technically  termed,  is  performed  but  once;  the 
minute  crystals  are  separated  by  sirup  of  greater  density,  in  con- 
sequence of  lower  temperature;  and  they  form,  when  drained, 
a  mass  of  little  solidity  or  brilliancy  of  grain,  but  which  is 
more  readily  dissolved,  and  therefore  preferred  for  some  purposes. 
If  we  attempt  to  treat  sirups  of  inferior  quality  in  this  manner, 
they  form  stopped  loaves ,  or  a  pasty  mass,  from  whic];L  the  molasses 
would  not  drain  freely. 

The  operation  x)f  Aau/tng-,  above  mentioned,  is  simply  that  of 
stirring  the  sugar  in  the  moulds,  in  such  a  manner  as  to  detach  the 
crystals  which  form  and  adhere  to  the  interior  of  the  vessel,  and 
mix  them  with  the  crystalizing  mass,  so  that  they  act  as  nuclei,  as 
well  as  give  uniformity  to  the  loaf.  This  operation  is  usually  re- 
peated two  or  three  times;  aft^r  which,  the  sugar  remains  undis- 
turbed for  several  hours,  and  is  then  allowed  to  drain. 

It  is  evident,  from  the  above,  that  the  results  obtained  by  refi- 
ners are  in  strict  accordance  with  the  principles  of  crystallization 
wbfeh  I  have  enumerated;  the  whole  secret  of  their  art  in  granu- 
lation being  to  allow  repose,  when  a  firm,  large,  and  brilliant  crys- 
tal is  desired,  and  to  agitate  violently,  and  cool  rapidly,  to  obtain 
a  very  fine  grain  of  opaque  whiteness,  and  without  the  lustre  due 
to  reflection  of  light  from  crystalline  planes;  and  in  each  instance 
to  produce  uniformity  of  texture,  by  distributing  as  nuclei  the 
crystals  which  form  more  readily  upon  the  sides  and  bottom  of  the 
•containing  vessel;  which  operation,  when  a  large  grain  is  desired, 
is  performed  gently,  to  avoid  mechanical  injury  to  the  crystals. 

26.  The  method  employed  by  the  refiners  for  the  manufacture  of 
Tock  candy  illustrates  beautifully  the  effect  of  gentle  and  undis- 
'turbed  crystallization,  and  the  influence  of  nuclei.  <For  this  pur- 
pose the  sirup  is  concentrated  highly  to  245°  Fahrenheit,  known 
to  the  French  refiners  as  petit  souffle,  and  at  which  bubbles  com- 
mence to  form  when  the  skimmer  is  moistened  with'  sirup  and 
blown  upon,  as  above  described.  As  soon  as  the  concentrated  su- 
gar is  skipped  off  into  the  cooler,  it  is  immediately  transferred  in- 
to the  crystallizing  vessels;  these  are  usually  copper  pans,  in  the 
form  of  truncated  cones,  pierced  with  eight  or  ten  small  holes,  so 
that  threads  may  be  stretched  from  side  to  side;  upon  which 
threads  the  crystals  chiefly  attach  themselves.  To  prevent  any  es- 
cape of  sirup  from  the  holes  in  which  the  threads  are  fastened,  pa- 
per i3  pasted  over  the  outside.  ^ 

The  crystallizing  vessels  being  previously  prepared,  ihey  are 
filled  as  rapidly  as  possible  and  placed  in  the  stove.  The  temper- 
ature is  kept  as  constantly  as  possible  at  about  100^  Fahrenheit, 
and  every  possible  care  is  taken  to  avoid  any  disturbance  by  shak- 
ing, by  currents  of  air,  etc.  After  six  or  eight  days  the  pans  are 
removed  from  the  stove,  and  the  sirup  drained  off  from  the  crys- 
tallized sugar,  by  perforating  the  crust  and  inverting  the  vessel. 
'The  solid  contents  are  taken  from  the  copper  pan  by  placing  it  ex- 
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ternally  and  for  a  moment  in  boiling  water;  they  are  then  thor- 
oughly dried  by  warm  air,  and  in  this  condition  pass  into  com- 
merce. 

27.  The  manufacturers  of  beet  sugar  in  France  employ  two  me- 
thods of  crystaUizatioh:  one  analogous  to  that  for  making  rock 
candy,  just  described,  and  known  as  the  method  oi  slow  or  regular 
crystallization 'j  and  the  other  siniilar  to  ihat  of  the  refiners,  spoken 
of,  in  contradistinction,  as  the  method  of  eonfused  crystallization^ 
or  crystallization  in  massj  but  oftener  as  the  method  by  concentra- 
tion^ {la  cuite^)  or  the  quick  method.  The  preliminary  operations 
differ  almost  entirely  for  the  two  methods,  with  the  exception  of 
expressing  the  juicr.  Indeed^  the  method  of  slow  crystallization 
owes  its  use,  in  the  manufacture  of  beet  sugar,  entirely  to  the  em- 
ployment of  sulphuric  acid  for  defecation;  a  false  step  which  in- 
volves modifications  in  all  the  subsequent  operations.  Although 
sulphuric  acid  separates  the  albumen  and  some  other  substances,  it 
also  acts  upon  the  sugar,  and,  unless  supersaturated  with  lime,  re- 
mains in  small  quantities  in  the  sirup;  which,  therefore,  cannot  be 
concentrated  in  the  ordinary  method  to  235^  Fahrenheit  withfut 
becoming  very, dark  colored.  Hence  the  necessity  of  a  different 
method  of  crystallizing  such  acidulated  sirups,  as  a  remedy  for  the 
evils  incident  to  the  use  of  the  acid,  but  which,  however  meritori- 
ous in  itself,  yet  is  designed  only  to  correct  erroneous  work,  and 
therefore  cannot  be  considered  an  improvement  in  the  general  pro- 

fress  of  the  sugar  industry.  Since  the  use  of  coarse-grained  bone- 
lack  and  of  improved  methods  of  evaporation  has  become  general 
in  France,  the  manufacturers  of  beet  sugar  have  abandoned  this 
faulty  sulphuric  acid  or  slow  crystallization  process,  and  have 
adopted  the  practice  of  the  cane  sugar  makers  and  refiners,  or  the 
quick  method. 

When  sulphuric  acid  is  used,  and  the  beet  sugar  maker  there- 
fore follows  the  method  of  slow  crystallization,  he  boils  only  to 
32^  Beaum6.  This  limit  has  been  found  by  experience  the  best; 
for,  if  it  be  exceeded,  the  juice  becomes  too  deeply  colored,  and 
the  crystallization  will  progress  too  rapidly;  and  if,  on  the  other 
hand,  the  sirup  be  made  dilute,  then  it  will  not  crystallize  for  a 
long  time,  and  is  apt  to  become  fermented.  When  the  sirup  has 
been  boiled  to  32^  Beaum^,  and  becomes  cooled  down  to  120^  to 
13P^,  it  is  put  into  vessels  called  crystallizers,  of  the  dimensions 
of  22  inches  in  length,  14  inches  in  breadth,  and  4  inches  in  depth, 
which  are  made  of  tin  plate.  These  vessels  are  then  arranged  in 
a  stove,  or  heated  chamber,  the  temperature  of  which  is  kept  regu- 
larly at  100^  to  110^  Fahrenheit;  in  this  stove  the  sirup  evaporates 
gradually,  and  the  crystalline  crust  which  constantly  forms  upon 
the  surface  is  daily  broken,  that  it  may  not  prevent  the  access  of 
the  air  to  the  fluid  portion  and  impede  evaporation.  The  opera- 
tion is  finished  at  the  end  of  six  weeks,  and  the  crystallizers  are 
then  removed  from  the  stove,  and  inverted  over  a  cistern  to  drain 
off  the  larger  part  of  the  molasses.  The  sugar  remaining  in  mass 
in  the  crystallizers  is  knocked  out  and  crushed  by  passing  it  seve- 
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ral  times  between  two  cylinders  or  rollers.  It  then  constitutes  a 
pasty  pulp;  to  expel  the  molasses  from  which ,  it  is  put  into  sacks 
and  subjected  for  twenty-four  hours  to  the  action  of  a  powerful 
hydraulic  press;  in  this  state  it  is  thrown  into  commerce.  The 
sirup,  or  mother-liquor,  which  drains  or  is  expressed  from  the  su- 
gar, is  placed  in  crystallizers,  and  set  in  the  stove  to  evaporate 
and  produce  a  second  crop  of  crystals,  though  of  an  inferior  quali- 
ty; the  molasses  from  which,  t>eing  similarly  treated,  yields  a  third 
and  still  inferior  product. 

The  manufacturers  of  beet  sugar  who  defecate  with  lime  and 
animal  charcoal  only,  and  who,  therefore,  employ  the  method  a  la 
cuitCj  OT  concentrate  the  sirups  to  235^  Fahrenheit,  transfer  this 
concentrated  sirup  to  the  filling  room,  (Pempli^)  which  is  artifi- 
cially heated  to  80^..  Fahrenheit,  and  there  allow  it  to  stand  ia 
coolers  until  crjrstals  begin  to  form.  This  will  take  place  for  good 
and  well  concentrated  sirup  at  225^  Fahrenheit,^  for  second  pro- 
ducts at  200^  Fahrenheit,  and  at  170^  to  160^  Fahrenheit  for  third 
products.  It  is  then  filled  into  conical  moulds  similar  to  those  for 
bastard  sugar,  useJ  by  the  refiners;  the  crystals  being  at  the  time 
of  filling  distributed  as  uniformly  as  possible  through  the  mass  by 
stirring  iti  the  coolers.  The  temperature  of  the  room  is  carefully 
kept  at  80°  Fahrenheit;  and  as  soon  as  the  contents  of  each  mould 
have  cooled,  the  bung  is  removed  to  permit  the  sirup  to  drain. 

If  the  sirup  has  not  been  thoroughly  concentrated,  it  may  be 
violently  agitated  in  the  cooler  to  evaporate  it  still  further,  in  a 
manner  similar  to  that  used  by  the  manufacturers  of  clayed  sugar 
from  cane  juice,  or  it  may  be  stirred  in  the  moulds  by  an  opera- 
*tion  like  that  practised  by  the  refiners,  i^nd  called  by  them  hauling^ 
or  mouvage^  the  object  of  which  is  to  render  crystallization  more 
rapid  and  general  by  diffusing  nuc/et  through  the  liquid.  In  the 
manufacture  of  beet  sugar,  however,  it  is  not  desirable,  as  in  refin- 
ing, to  give  uniform  texture  to  the  loaves,  inasmuch  as  the  sugar 
is  crushed  before  it  is  sold,  and  therefore  presents  a  better  grain 
if  it  be  allowed  to  crystallize  without  much  stirring. 

28.  The  method  of  crystallization  employed  by  the  manufac- 
turers of  cane  varies  with  the  kind  of  sugar  which  is  to  be  made. 
For  muscovado  sugar  the  juice  is  struck  from  the  battery  or  strik* 
ing  teache  into  large  coolers  or  wooden  vats,  about  eight  or  ten 
feet  long,  four  or  five  feet  broad,  and  one  foot  deep;  the  chief  use 
of  these  vats  being  to  correct  faults  committed  in  one  skipping  by 
mixing  it  with  another  of  opposite  character.  Thus,  sirup  which 
is  highly  concentrated  becomes  mixed  with  and  compensates  for 
that  which  may  be  insufiUciently  evaporated.  There  are  usually  a 
large  number  of  these  coolers,  and  the  strike  is  distributed  so  that 
it  may  form  a  shallow  layer  in  each.  This  layer  is  allowed  to 
granulate  before  another  layer  or  charge  is  added;  and  to  give  uni- 
formity, as  well  as  to  hasten  the  crystallization,  the  charges  are 
well  stirred  together.  After  remaining  in  the  vat  for  a  day,  and 
while  stiirwarm,  the  sugar  is  potted,  or  put  into  hogsheads,  which 
are  covered  with  boards  to  retain  the  heat,  and  which  stand  over 
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the  cistern  into  wbich  the  molasses  drains.  It  is  very  iippor* 
tant  that  the  sugar  should  crystallize  in  large  and  perfect  grains, 
and  that  it  should  therefore  be  quietly  and  carefully  done,  as  well 
as  that  the  crystals  when  formed  should  not  be  broken;  and  cer- 
tainly the  method  just  described  must  be  considered  as  a  very  rude 
and  imperfect  mode  of  attaining  the  desired  results. 

In  making  clayed  sugar  the  contents  of  the  battery,  when  con- 
centrated to  the  desired  degree,  235^  Fahr.,  which  is  known  by  the 
sirup  giving  the  corkscrew  curl  between  the  thumb  and  finger,  are 
transferred  as  quickly  as  possible  into  the  cooler,  and  there  imme- 
diately subjected  for  some  ten  or  fifteen  minutes  to  a  peculiar  agi- 
tation or  beating.  This  agitation  is  done  by  tossing  the  sirup  rap* 
idly  and  frequently  with  a  copper  ladle  attached  to  a  long  handle, 
and  in  such  a  manner  as  to  throw  the  sirup  up  in  a  thin  sheet — an 
operation  not  easily  described,  and  requiring^  a  little  skill  and 
strength  to  perform  aright;  the  design  of  which  is  to  present  a 
large  surface  for  evaporation  to  the  air,  as  well  as  to  cause  the  more 
rapid  crystalization. 

The  grain  of  sugar  thus  treated  would,  of  course,  be  rendered  ex- 
tremely fine  if  the  crystallization  were  allowed  to  proceed  far  in 
the  cooler;  but  this  is  prevented  by  transferring  the  sirup,  before 
it  granulates  much,  and  while  still  very  hot,  into  large  conical 
moulds,  exactly  like  those  employed  by  the  refiners  for  bastard 
sugar.  In  these  moulds  the  crystallization  is  quietly  completed, 
the  minute  grains  formed  in  the  cooler  acting  somewhat  as  nuclei 
for  the  production  of  a  larger  and  firmer  granulation.  After  the 
moulds  and  their  contents  have  attained  the  temperature  of  the 
atmosphere,  (which  in  the  West  Indies  is  almost  constantly  about» 
80^  Fahr.,)  the  plugs  are  drawn  from  the  orifices,  and  a  small  por- 
tion of  the  molasses  drains  o£f.  This  molasses  is  called,  in  Cuba, 
miel  de  descarga — a  name  also  generally  applied  there  to  musco- 
vado molasses^  and  in  contradistinction  to  the  term  miel  de  pur ga^ 
or  clayed  molasses.  Without  waiting,  however,  for  the  miel  de 
descarga  to  drain,  and  as  soon  as  convenience  requires  that  room 
be  made  for  the  succeeding  skippings,  the  moulds  are  removed  to 
the  purgery — a  large  building,  the  floor  of  which  is  composed  of  a 
sort  of  grating  or  lattice  work,  made  of  narrow  boards,  crossing 
each  other  at  right  angles,  so  as  to  present  numerous  square  open- 
ings, in  which  the  moulds  are  placed  securely.  Below  this  floor 
inclined  troughs  are  arranged,  to  catch  the  molasses  which  drips 
from  the  sugar,  and  convey  it  to  the  cistern. 

For  the  manufacture  of  muscovado  sugar^  sirup  is  more  highly 
concentrated  (24'0°  to  245*  Fahr.)  than  for  that  oi  clayed  sugar ^ 
(235®  to  240**  Fahr.;)  the  degree  being  always,  however,  deter- 
mined only  by  the  proof  by  the  touch.  The  temperature  which 
the  juice  attains  when  evaporated  to  27^  Beaum6,  and  before  it  is 
transferred  to  the  battery,  I  found  to  be  214^  Fahr.  It  is,  there- 
fore, in  the  battery  that  injury  by  overheating  chiefly  and  perhaps 
almost  entirely  occurs. 

29.  The  experiments  of  M.  Dutrone,  in  St.  Domingo,  seem  to 
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have  been  directed  particularly  to  the  improyement  of  the  pro- 
cesses used  for  crystallizing  and  draining  both  muscovado  and 
clayed  sugars.  As  the  method  he  finally  and  successfully  prac- 
tised is  peculiari  and  appears  to  have  features  which  may  here- 
after be  adopted  more  generally,  and  with  advantage,  by  sugar 
manufacturers,  I  have  extracted  the  following  abridged  transla- 
tion and  description  of  it  from  Dutrone's  work:^ 

"The  purgeries,  in  the  new  method,  serve  both  for  crystalliz- 
ing and  draining  the  sugar.  These  buildings  present  inside  sev- 
eral rows  or  files  of  crystallizing  vessels,  placed  over  trougiis, 
which  empty  into  several  cisterns.  The  crystallizing  vessels 
should  all  be  of  one  form  and  size.  A  certain  number  of  them  are 
devoted  to  the  crystallization  of  first  products,  and  the  sirup  from 
these  flows  into  a  separate  cistern.  Others  are  intended  for  second 
products,  or  sugar  made  from  sirup  which  drips  from  the~first;  and 
similarly,  third,  fourth,  and  fifth  products  have  their  respective 
crystallizing  vessels  and  cisterns,  in  order  that  they  may  be  kept 
distinct,  and  worked  separately. 

'^  Experience  has  proved  to  me  that  the  quantity  of  matter  which 
combines  the  greatest  number  of  advantages  in  the  crystallization 
of  cane  sugar  is  fifteen  or  sixteen  cubic  feet;  for  which  reason,  the 
dimensions  given  to  the  crystallizing  vessels  are,  five  feet  in  leniith 
by  three  feet  in  breadth.  The  bottom  is  formed  of  t*.To  planes,  in- 
clined six  inches,  (plate  IVjfig.  3,)  the  intersection  of  which  forms 
a  groove  in  the  middle.  In  this  groove  there  are  twelve  or  fifteen 
holes,  of  an  inch  in  diameter,  to  permit  the  sirup  tb  flow  out.  The 
depth  is  nine  inches  at  the  sides,  and  fifteen  inches  at  the  centre. 
gThe  vessels  should  be  made  of  boards  one  inch  thick,  and  lined 
with  lead.  Before  lining  it,  the  holes  should  be  bored  in  the 
groove,  and  burnt  out  with  a  hot  iron  from  the  inside,  so  as  to 
form  a  small  cavity  surrounding  the  hole;  in  consequence  of  which, 
not  a  drop  of  sirup  will  remain  after  draining.  These  holes  must 
be  lined  with  copper  or  tin,  fastened  by  soldering  on  the  inside, 
but  by  small  nails  externally.  Such  vessels  combine  every  pos- 
sible advantage  in  crystallizing  and  purging  with  the  requisite 
strength. 

"The  crystallizing  vessels  rest  upon  strips  of  wood  two  inches 
thick  and  three  inches  broad,  which  are  fastened  to  and  supported 
by  upright  posts  eight  or  ten  inches  high,  at  the  distance  latei'ally 
of  ten  inches  from  the  middle  line.  The  troughs  are  of  masonry, 
lined  with  lead,  and  incline  toward  the  cisterns.  These  cisterns 
are  also  of  masonry,  covered  with  lead,  and  each  of  them  should 
be  of  the  capacity  of  one-half  the  contents  of  the  crystallizing 
pans  which  drain  into  it." 

30.  Dutrone's  method  of  manufacture  for  muscovado  sugar  is, 
then,  to  concentrate  only  to  ST. 5  or  88^  Reaumur,  (229°  or  230® 
Fahr.;)   and  having    mixed    well   together    two    skippings  in  the 
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cooler,  to  transfer  the  whole  promptly  to  the  crystallizing  vessels; 
the  holes  having  been  previously  stopped  with  wooden  plugs,  upon 
which  a  small  quantity  of  concentrated  sirup  has  also  been  poured, 
which,  by  solidiryii^  as  it  cools,  renders  them  perfectly  tight. 

'^After  twenty-four  hours,  the  crystallization  being  established 
at  the  surface,  and  on  the  sides  and  bottom  of  the  vessel,  the  whole 
mass,  still  fluid,  must  be  stirred  slightly  with  a  paddle,  the  sugar 
which  has  settled  to  the  bottom  being  carefully  raised  to  the  sur- 
face. After  this  operation,  crystallization  will  progress  simultane* 
ously  through  the  whole  mass;  and  if  the  stirring  has  been  properly 
performed,  it  becomes  general  and  uniform  from  the  bottom  to  the 
top  in  five  or  six  hours.  After  four  or  five  days,  the  whole  mass 
beine  cooled,  the  plugs  are  drawn;  the  draining  then  proceeds 
rapidly,  and  is  complete  after  six  or  eight  days.  The  sugar  is 
slightly  moist;  but,  after  a  little  exposure  to  the  air,  it  becomes 
perf^'ctly  dry,  and  is  put  into  hogsheads. 

"By  concentrating  to  88^  R.,  (230^  Fahr. ,)  we  obtain  one  half, 
and  even  more,  of  all  the  sugar  in  the  juice;  and  if  the  defecation 
and  crystallization  have  been  properly  performed,  this  sugar  will 
be  of  the  highest  degree,  of  purity  and  beauty  that  brown  sugar 
can  attain." 

For  clayed  sugar  Dutrone  recommends  that  the  simp  be  concen- 
trated to  90^  R.,  (234i^  Fahr.,)  and  that  three  or  fpur  skippings 
be  well  and  carefully  mixed  together  in  the  cooler  before  filling 
the  conical  moulds;  after  which,  the  work  proceeds  in  the  ordinary 
manner.  ^ 

Section  VI. — On  drying. 

1.  Under  this  head  I  shall  treat  not  merely  of  the  simple  drying^ 
of  sugars  which  are  moistened  by  only  a  slight  quantity  of  pure 
water,  but  also  of  those  preliminary  operations  by  which  the  dark 
colored  and  deliquescent  molasses  is  removed,  so  as  to  purify  the 
sugar,  and  permit  it  to  be  properly  dried;  the  most  important  of 
which  operations  are  those  of  claying  and  liquoring. 

On  clayingy  (Fr.  terrage.)  This  process,  the  office  of  which  is 
the  removal  of  the  dark  colored  mother  liquor,  or  molasses,  from 
crystallized  masses  of  sugar,  is  practised  by  the  refiners,  as  well  as 
by  the  beet  and  cane  sugar  makers.  It  is,  when  compared  with 
liquoring,  a  very  rude  method,  and  should  be  abandoned  on  account 
of  the  great  waste  which  attends  it,  (25  per  cent.,  more  or  less.) 
I  shall  not,  therefore,  discuss  all  the  details  of  this  process,  but 
limit  myself  to  a  succinct  description  of  it,  and  an  exposition  of 
the  facts  upon  which  an  intelligent  mode  of  proceeding  should  be 
based. 

The  clay  to  be  employed  should  be  perfectly  plastic,  and  must 
BOt  contain  sulphuret  of  iron,  which  may  become  soluble.  It  is 
well  mixed  into  a  fine  paste  with  water,  which  is  done  either  by 
hand  or  by  a  mill  turned  by  a  horse  or  other  power,  and  this  paste 
is  then  put  upon  the  surface  ef  the  sugar,  previously  levelled  in 
the  conical  moulds;  the  water  passed  from  the  clay  slowly  and 
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gently,  occupying  the  interstices  between  the  grains  and  dissolving 
vthe  molasses,  and  a  portion  also  of  the  sugar.  The  saturated  solu- 
tion thus  formed  displaces  mechanically  the  molasses  from  the  in- 
ferior  strata;  and  when  it  is  in  turn  displaced  by  the  sirup  formed 
by  the  water  with  the  purified  sugar  of  the  uppex  portion  of  the 
mass,  the  whole  loaf  becomes  free  from  the  molasses. 

By  the  refiners  this  operation  of  claying  is  carried  to  the  extent 
•of  removing  the  molasses  entirely,  so  that  the  whole  loaf  becomes 
white;  after  which  it  is  stcod  upon  its  base  to  diffuse  the  sirup 
through  it  uniformly,  and  then  placed  in  a  Stove  to  dry. 

But  by  the  manufacturers  of  clayed  sugar  in  Cuba,  and  else- 
"where,  it  is  found  too  wasteful  to  carry  the  process  of  claying  so 
far.  When  clayed  sugar  is  taken  from  the  mould,  or  knocked  outy 
AS  it  is  called,  the  loaf  is  therefore  perfectly  white  only  at  its  base, 
and  dark  brown  at.  the  tip;  while  the  intervening  portions  are 
gradually  more  or  less  white  or  brown,  as  they  are  respectively 
^nearer  to  the  white  or  brown  end.  A  mass  so  constituted  may,  of 
•course,  be  divided  into  an  indefinite  number  of  grades  of  sugar, 
differing  from  each  other  successively  by  almost  imperceptible 
Tariations  of  color  and  quality. 

2.  In  Cuba,  it  is  customary  to  make  six  grades  of  clayed  sugar 
•on  an  estate;  two  grades  of  white,  and  four  of  brown.  Oiily  five 
grades  are,  however,  made  from  one  single  loaf,  in  consequence  of 
the  white  sugar  of  each  loaf  being  classed  as  of  the  first  or  second 
<iuality,  by  comparing  it  with  standard  samples^  The  Spanish 
terms  or  names  for  these  six  qualities  are:  1st.  Blanco  primeray  or 
hlanco  floretty  (Fr.  premier e^)  prime  white.  2d.  Blanco  segunda^ 
(Fr.  secondcy)  second  quality  white.  3d.  Quebrado  floretCy  (Fr. 
iroisiimey)  superior  brown  or  yellow.  4th.  Quebrado  primeray  {Ft. 
belle  quatridmCy)  prime  brown.  5th.  Quebrado  segunday  (Fr.  qua- 
iriime  ordinaire^)  second  quality  brown.  6ih.  Cucuruchcy  (Fr.  teUy) 
cockroach,  or  inferior  brown  tips.  It  is,  of  course,  the  desire  and 
aim  of  every  sugar  maker  to  manufacture  as    large  a  quantity  as 

Iiossible  of  floret e  sugars;  but  the  quality  of  the  juice,  the  dose  of 
ime,  the  regulation  of  the  heat,  and  the  degree  of  purging,  are  so 
cnany  circumstances  which  modify  more  or  less  the  result.  Hence 
the  qualities  of  the  sugars  made  on  the  various  soils  and  estates,  as 
well  as  at  different  times,  or  by  different  persons,  on  the  same  es- 
tate, are  very  distinct,  and  command  higher  or  lower  prices  ac- 
cordingly. Hence,  also,  in  commerce,  the  six  grades  of  any  one 
estate  are  compared  with  those  of  other  estates,  and  much  more 
nice  and  numerous  classifications  of  quality  are  fixed  upon.  A 
prominent  and  experienced  merchant  ot  Cuba  informs  me  that  he 
classifies  clayed  sugars  into  about  fifty  varieties,  each  of  which  is 
better  adapted  than  the  others  to  some  particular  market,  and  there- 
fore has  its  own  proper  fluctuation  of  demand  and  supply,  and  con- 
sequent relative  price. 

3.  The  above  mentioned   facts  are  of  importance,  especially  in 
relation  to  any  tariff  framed  upon  the  basis  of  specific  duties;  for 
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they  show  how  very  imperfect  and  insufficient  a  mere  classification 
of  "white,  yellow,  and  brown  clayed  sugars"  must  inevitably  be, 
and  also  how  difficult  it  is  to  make  proper  distinctions  which  shall 
depend  upon  any  thing  else  than  the  values.  The  color  of  sugars 
is  also  only  one  of  the  specific  differences  which  regulate  their  relative 
Talues,  and  for  clayed  sugars  it  is  indeed  far  less  important  than 
the  strength  and  dryness  of  the  grain.  Clayed  sugars  are  usually 
bought  by  the  refiners;  and  so  easily  can  they  extract  all  coloring 
matter  by  the  improved  method  of  filtering  through  animal  char- 
coal, that  the  color  of  the  sugar  has  become  a  secondary  matter  in 
comparison  with  its  grain.  A  very  slight  difference  of  price  in 
favor  of  brown  sugars  will  therefore  causae  them  to  be  preferred  to 
white. 

Under  the  tariff  of  1842  the  revenue  officers  experience^d  great 
difficulty  in  distingui9hing  between  white  and  brown  clayed  sugars, 
and  the  difficulty  was  not  even  entirely  removed  by  the  method 
that  was  adopted,  of  selecting  standards  and  furnishing  samples 
thereof  to  the  surveyors  of  the  different  ports,  by  which  they 
could  so  regulate  their  inspections  as  to  produce  uniformity  of 
practice.  One  reason  for  this  difficulty  was  the  fact,  that  it  ^ften 
requires  an  experienced  judge  to  decide  whether  a  sugar  is  to  be 
classed  as  bianco  segundaj  or  quebrado  floreie;  between  which  there 
is  only  a  ^hade  of  difference  in  color,  if  anv  at  all;  for  sometimes 
a  difference  of  grain  determines  to  which  class  the  sugar  properly 
belongs,  in  which  case  the  sense  of  touch  is  relied  upon  more  than 
the  eye;  a  good  grain  bein^  recognised  by  a  gritty  feeling  between 
the  thumb  and  forefinger,  like  that  produced  by  particles  of  sand. 
Between  absolute  whiteness  and  the  dark  brown  of  the  cucuruche 
there  are,  and  can  be,  no  division  lines  of  color  which  shall  dis- 
tinguish "tuAi/e"  from  "yc/Zow,"  or  "y«//ota"  from  "ftroton"  clayed 
sugars;  the  clayed  loaf  being  continuously  and  gradually  shaded 
through  every  intermediate  degree  of  brownness,  from  its  snow-white 
base  to  its  molasses-dyed  tip.  All  classifications,  therefore,  based 
upon  color  only,  are  arbitrary  and  capricious,  as  well  as  too  easily 
varied  to  be  adapted  to  revenue  purposes. 

After^  clayed  sugar  has  been  knocked  out,  and  divided  into  the 
different  grades  of  white  and  brown,  which  is  done  by  cutting  up 
the  loaf  with  machetes^  (large  knives,)  it  is  dried,  first  by  exposure 
to  the  sun,  and  then  upon  shelves  in  a  warm  apartment,  heated  ar- 
tificially to  about  120^  Fahr.,  resembling  the  drying  oven  of  the 
refiners.  In  this  oven  the  sugar  remains  usually  from  12  to  36 
bours,  according  to  the  degree  of  defecation  and  of  purging,  and 
the  greater  or  less  exposure  to  the  sun  which  may  have  occurred; 
after  which  it  is  packed  in  boxes  and  sold. 

The  operation  of  claying  is  based  upon  the  fact  that  molasses  is 
more  readily  dissolved  by  water  than  crystallized  sugar;  ^and 
the  clay  performs  the  office  only  of  a  porous  substance,  from  which 
the  water  may  escape  uniformly  and  with  great  slowness.  Yet,  as  it 
18  necessary  that  a  large  portion  of  sugar  should  dissolve,  in  order 
to  expel  the  solution  of  molasses  sufficiently,  a  heavy  and  inevita- 
ble loss  attends  the  operation.    In  Cuba  the  manufacture  o{  clayei 
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sugar  would  be  abandoned,  were  it  not  for  the  fact  that  most  of  it 
is  shipped  to  Europe,  and  commands  a  more  ready  sale  as  well  as 
a  higher  piice  than  muscovado,  because  it  is  not  subject  to  the  loss 
by  draining,  which  always  occurs  with  the  latter. 

4.  On  liquoring^  (Fr.  clairgage.)  This  operation  has  for  its  ob- 
ject the  complete  rempral  of  the  molasses  from  crystallized  sugar 
without  dissolving  any  portion  of  the  sugar,  and  it  answers  the  de- 
sired end  perfectly.  It  possesses  all  the  advantages,  and  is  free 
from  all  the  defects,  of  claying;  and  it  must,  therefore,  after  the 
vacuum  pan  of  Howard,  and  the  use  of  boneblack,  introduced  by 
M.  Derosne,^  be  considered  as  the  third  very  important  step-in  the 
progress  of  the  sugar  industry  of  the  world.  To  the  fertile  inven- 
tion of  Mr.  Howard  this  valuable  improvement,  I  believe,  must  be 
ascribed. 

5.  The  following  description  of,  and  remarks  upon,  the  operation 
of  liquoring^  as  practised  by  the  reBners  and  beet  sugar  makers  of 
France,  are  taken  from  a  york  of  M.  Payen,*  a  distinguished  su- 
gar manufacturer  and  chemist. 

<^  Liquoring  requires  certain  precautions,  without  which  its  suc- 
cess is  v«;ry  doubtful.  Before  detailing  them,  we  will  indicate  the 
principles  upon  which  this  process  depends,  and  which  will  serve 
to  deduce  the  rest. 

<^  By  liquoring  is  meant  the  infiltration  of  a  saturated  sirup.  Iq-> 
capable  of  dissolving  sugar,  this  sirup  displaces  the  molasses  and  dis- 
solves the  coloring  matter  which  stains  the  surfaces  of  the  crystals; 
it  fills  the  interstices,  drips  out,  and  leaves  the  sugar  much  less 
colored. 

'^  The  conditions  essential  to  its  success  are: 

'^  1st.  That  the  liquor  be  sufficiently  charged  with  crystallizable 
sugar  to  dissolve  little  or  none  in  filtering. 

*^  2d.  That  the  density  of  the  liquor  be  nearly  the  same,  or  very 
little  less  than  that  of  the  displaced  sirup;  for,,  if  too  dense,  it 
would  flow  badly;  too  dilute,  it  would  escape  without  removing 
the  sirup  or  molasses  adhering  to  the  crystals.  To  attain  this  con- 
dition, the  sugars  used  for  preparing  the  liquor  must  be  more  im- 
pure in  proportion  as  those  to  be  liquored  are  so  likewise;  for  sat- 
urated sirups  are  the  more  dense  and  viscid  when  they  contain  un- 
crystallizable  sugar. 

''3d.  That  the  crystallization  in  the  moulds  be  regular  and  not 
too  compact;  and  to  this  end,,  that  it  commence  and  terminate  in 
the  same  vessel. 

♦*  4th.  That  the  temperature  of  the  room  in  which  the  liquoring 
is  performed  should  not  vary  much,  and  be  at  least  70^  Fahren- 
heit. 

"The  operation  is  performed  as  follows:  For  the  raw  sugars  of 
the  first  jet,  the  crystallization  (entirely  performed  in  the  moulds) 
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is  complete  in  fifteen  or  twenty  hours.  The  superficial  crystalline 
crust  is  then  removed  from  the  base  of  each  ]oaf  with  a  trowel,  and 
the  surface  is  levelled.  These  surface  scrapings  (or  rather  those 
of  a  previous  day's  work)  and  the  sugar  infused  with  sirup  have 
been  used  for  the  preparation  of  a  liquor^  which  has  been  fil- 
tered at  28^  or  30^  Beaum6,  boiiine^  through  si  filter.  Dumont,  or 
which  has  been  concentrated  to  32^  Beaum^,  boiling;  which  cor- 
responds to  36^^  at  the  temperature  of  60^  Fahrenheit. 

''About  five  pounds  of  this  liquor  is  poured  at  one  time  into  each 
drained  mould,  containing  about  60  pounds  of  crystallized  sugar,  if 
the  concentrated  sirup  put  into  it  weighed  from  93  to  100  pounds. 
This  operation  is  repeated  three  times,  at  interval!)  of  12  hours, 
and  the  sugar  is  then  allowed  to  drain  for  three  or  four  days.  At 
the  end  of  this  time  it  may  be  put  into  casks,  and  it  Will  be  much 
drier  and  less  alterable  than  ordinary  brown  sugar. 

''The  sugars  of  the  second  crystallization  are  treated  similarly. 
The  liquor  employed  for  them  should  be  more  dense,  33^  to^33^^ 
Beaum6,  boilingj  or  37^  to  37J^,  cold.  It  is  prepared  from  inferior 
sugar,  and  the  solution  is  filtered  and  concentrated  as  above.  For 
refined  sugars  nearly  pure  sirup  must  be  employed,  which,  when 
saturated,  should  indicate  33^,  cold^  only." 

6.  More  recently  the  usual  practice  of  beet-su^ar  manufacturers 
has  been  to  employ  for  making  the  liquor,  beet-juice  evaporated  to 
15^  or  18^  Beaumi§,  in  which  they  dissolve  the  tips  and  crusts  of 
the  preceding  operations.  Experience  has  shown  them  that  liquor- 
ing should  be  performed  in  a  room  heated  to  70^  or  80^  Fahren- 
heit; and  it  has  become,  customary,  after  knocking  out  the  loave?, 
to  divide  them  in  two  pieces.  The  tips  are  placed  in  forms  over 
pots  to  drip,  and  each  half  of  the  loaf  is  stood  upon  its  base  to  dif- 
fuse the  retained  moisture  uniformly.  As  soon  as  they  become  firm, 
they  are  divided  into  smaller  pieces;  and,  when  dry,  they  are  as- 
sorted into  varit  us  qualities,  pulverized,  and  sold. 

7.  Of  the  details  of  the  mode  of  liquoring  of  the  different  re- 
finers of  the  United  States,  I  possess  no  information  which  I  feel 
at  liberty  to  publish.  The  principles  which  they  follow  are,  in 
substance,  t^tesame  as  those  given  by  M.  Payen  in  the  above  trans- 
lated extract.  The  temperature  of  the  apartment  in  which  the  op- 
eration of  liquoring  is  perfotiued  should,  however,  be  higher  in 
proportion  as  the  quality  of  the  sugar  isf  low. 

The  whole  art  of  liquoring  consists  in  the  uniform  and  judicious 
application  of  pu^e  sirups  for  the  mechanical  displacement  of  mo- 
lasses. It  roust  be  borne  in  mind,  however,  that  mixture  will  al- 
ways tpke  place  to  some  extent,  and  that  the  coloring  matter  and 
other  impurities  of  molasses  are  very  soluble  in  saturated  solutions 
of  crystallizable  sugar.  The  economical  management  of  the  pro- 
ces,  therefore  requires  that  the  liquor  should  be  prepared  either  by 
decolorizing  defecated  juice,  or  solutions  of  crude  materials,  and 
that  the  rule  should  be  strictly  followed  never  to  degrade  any  re- 
fined article,  which  has  once  passed  through  the  who'c  stiies  of 
operations,  by  mixing  it  with  molasses.  Detecated  juice,  or  im- 
pure  solutions,  must  in  any  event   be  evaporated  with   greater  or 
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Jess  injury  and  loss;  to  employ  these,  therefore,  as  far  as  possible 
lor  displacing  impurities,  is  to  avoid  the  waste  of  better  materials. 
Ih  so  doing,  we  do  not  change  chemically  the  composition  of  a  sin- 
gle atom,  and  the  mean  result  is,  therefore,  the  samfe;  nor  do  we 
cause  a  particle  of  sugar  to  retrograde  in  its  progress  towards 
cbemical  purity.  A  simple  rule  may  be  given  and  easily  remem- 
liered:  to  consider  each  particle  of  sugar  as  advancing  through 
nccessive  operations,  which  should  result  in  its  being  obtained  in  a 
perfectly  refined  condition,  and  never  cause  it  to  retrace  its  progres- 
sive steps;  while  bastard  sugar  may  be  regarded  as  residual  crude 
matter,  inferior  even  to  the  raw  material,  and  be  either  refined  and 
treated  like  any  other  brown  sugar,  or  sold,  as  shall  be  found  most 
profitable,  in  the  markets. 

8.  Liquoring  may  be  performed  in  pneumatic  pans  or  tigersy  but 
ibere  is  some  difficulty  experienced  in  the  operation  in  consequence 
•f  obstruction  if  it  be  urged  very  rapidly.  If,  at  first,  the  sirup 
te  allowed  to  act  simply  by  its  own  gravity,  then  the  filtration  be 

Sntly  accelerated  by  a  feeble  partial  vacuum  until  it  shall  have 
ained  freely,  and  finally  the  air  be  drawn  through  the  mass  to 
scmove  the  sirup  adhering  to  the  crystals,  I  do  not  doubt  that  no 
iRfficulty  will  be  experienced  with  pneumatic  pans,  especially  if 
fte  operation  be  performed  at  a  temperature  not  less  than  80^  Fab- 
senheit. 

When  I  was  in  Louisiana,  Messrs.  Benjamin  &  Packwood  had 
^ed  unsuccessfully  to  overcome  the  above  mentioned  difficulty  of 
dbstructien;  they  have  since  succeeded  entirely,  and  their  present 
crop  has  been  manufactured,  with  Rillieux's  apparatus  and  pneu- 
matic pans,  into  liquored  sugar  of  perfect  quality.  A  specimen  of 
ibis  sugar,  presented  to  me  by  Messrs.  Merrick  &  Towne,  has  been 
analyzed  by  me,  and  found  to  be  chemically  pure.  Its  crystalline 
grain  and  snowy  whiteness  are  also  equal  to  those  of  the  best 
ftouble  refined  sugars  of  our  northern  refiners.  To  Messrs.  Benja- 
itin  &  Packwood  must  therefore  be  awarded  the  merit  of  having 
first  made  directly  from  a  vegetable  juice  sugar  of  absolute  chemi- 
cal purity,  combined  with  perfection  of  crystal  and  color.*  This 
is  indeed  a  proud  triumph  in  the  progress  of  thjs  sugar  industry. 
In  the  whole  range  of  the  chemical  art^  I  am  not  aware"  of  an-, 
•ther  instance  in  which  a  perfect  result  is  in  like  manner  obtained 
immediately. 

Sugar  made  by  liquoring  dties  perfectly,  and  remains  dry;  where* 
^s  brown  clayed  sugars  are  slightly  deliquescent,  and  consequently, 
iy  absorbing  moisture  from  the  air,  they  become  moist,  though  they 
may  have  been  carefully  and  thoroughly  dried  in  the  oven.  This 
property  of  deliquescence  is  duie  to  the  molasses  retained,  from 
which  liquored  sugar  is  free. 

9.  The  stoves  employed  for  drying  by  the  refiners  and  the  manu- 


*  See  Appendizj  notes  F  and  I. 
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facturers  of  clayed  sugars  might  perhaps  be  in  many  instanccg 
highly  improved  by  rendering  their  operation  continuous.  This 
could  be  done  by  constructing  them  horizontally  instead  of  verti- 
cally, or  in  the  form  of  an  ordinary  room.  The  heated  air  might 
pass  in  one  direction,  and  the  sugar,  by*  a  railway,  in  the  opposite 
direction,  so  as  to  present  the  loaves  to  drier  and  warmer  airuL 
proportion  as  they  become  more  deprived  of  their  moisture^ 

Section  VII. — On, the  working  of  second  products, 

1.  My  object  in  this  section  is  chiefly  to  direct  attention  to  anl 
set  forth  the  importance  of  second  products,  and  especially  of  the 
manufacture  of  sugar  from  ordinary  molasses. 

Under  this  heaa  I  shall  not  undertake  to  give  .smy  systen^atie 
method  of  extracting  sugar  from  the  mother- liquors  obtained  bf 
successive  crystallizations,  and  which  shall  lead  to  the  greatest 
economical  results;  for  the  particular  modes  to  be  followed  in  eack 
instance  will,  I  hope,  be  sufficiently  evident  from  the  facts  given  i«L 
the  preceding  chapters.  System  should,  however,^  pervade  ail 
large  manufacturing  operations;  but  it  must  be  varied  as  particular 
and  often  unexpected  circumstances  may  require. 

When  vacuum  pans  are  used  for  evaporating  and  boneblack  for 
decoloiizating  cane  juice,  the  sirup  which  drains  from  the  sugar  is 
so  pure  and  light  colored  that  a  second  evaporation  will  still  give 
white  sugar! 

2.  The  refiners  have  long  been  in  the  habit  of  reboiling  the  si- 
rups which  drip  from  their  loaves.  They  classify  their  products 
successively  into  douhle-refined^  single  loafy  lump^  bastardy  and^#- 
lassesy  and  the  sirups  from  articles  of  higher  grade  yield  the  su- 
gars of  inferior  quality.  > 

3.  By  the  beet  sugar  makers,  also,  the  sirups  or  mother -liquort 
are  successively  evaporated;  and  the  inferior  sugars  thus  obtained 
constitute  an  important  item  in  the  economy  of  this  branch  of  the 
sugar  induistry.  The  sirup  which  drains  from  th^  first  crystalliza- 
tion yields  sugar  of  the  second  quality,  the  residual  sirup  froot 
which,  in  turn,  furnishes  third  products;  and  so  on  sometimes  evcK 
to  a  forth  and  fifth  crystallization,  if  the  sirup  will  bear  it.  This 
successive  boiling  ceases  when  the  sirup  marks  44^  fieaum6,  for 
then  crystallization  will  no  longer  take  place. 

The  sirups  which   drain   of  themselves  from  the  crystallized  su- 
gar are  called  green  strops^  (strops  uerts^)  and  those  which  are  dis- 
filaced  by  claying  or   liquoring  are  called  runnings^  or  drippings^ 
sirops  couverts.) 

The  runnings  from  first  and  second  products  are  usually  mixed 
and  concentrated  with  the  green  sirup  of  the  first  products,  to  ob- 
tain the  second  products;  and  the  ^een  sirup  from  the  second  pro- 
ducts furnishes  alone  the  third  products,  which  generally  are  not 
liquored,  and   are  very  inferior.     Usually,   it  is  the  sirup  which 
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drains  from  these  third  products  which  constitutes  the  molasses  of 
the  beet  sugar  manufacture. 

The  use  to  which  this  molasses  is  applied  is  chiefly  that  of  dis- 
tillation into  alcohol;  for  which  purpose  the  molasses  is  diluted  to 
one-tenth  of  its  original  strength.  The  mixture  is  then  treated 
with  a  small  quantity  of  sulphuric  acid,  if  necessary,  to  neutralize 
any  alkaline  salts,  and  placed  in  large  vats  to  ferment,  2  to  3  per 
cent,  of  yeast  being  employed  to  excite  fermentation.  The  change 
is  complete  in  three  days,  and  the  liquor  obtained  b^  the  first  dis- 
tillation is  of  the  strength  of  19o.  fiy  a  second  distillation  it  is 
then  rectified  to  38o.  In  this  manner  beet  molasses  yields  about 
30  per  cent:  by  weight  of  alcohol,  of  0.93  strength.  The  residue 
from  the  distillation  is  dried'and  burnt,  to  extract  from  it  the  pot- 
ash which  is 'contained  in  such  molasses,  usually  in  the  proportion 
of  about  10  per  cent.  The  disagreeable  taste  derived  from  the 
pulp  of  the  beet  prevents  this  molasses  from  being  employed  for 
domestic  purposes. 

4.  In  Louisiana,  the  molasses  of  the  6ane  has  until  lately  been 
usually  considered  as  an  article  from  which  no  sugar  of  good 
quality  can  be  readily  extracted;  in  accordance  with  the  accepted 
notion  that  it  consists  rather  of  some  mucilaginous  substance  formed 
by  the  destructive  action  of  heat,  than  that  it  is  simply  a  saturated, 
though  an  impure,  solution  of  sugar  and  water,  inasmuch  as  it  is 
the  mother-liquor  from  which  the  sugar  has  crystallized. 

Recently,  however,  more  correct  views  have  been  adopted,  and 
on  some  of  the  plantations  the  molasses  has  been  evaporated  with 
a  yield  of  40  per  cent,  of  sugar  of  fair  quality;  a  practice  which 
should  become  general,  and  which  should  serve  to  dispel  from  the 
minds  of  the  planters  the  incorrect  views  of  the  chemical  nature  of 
molasses  which  they  have  heretofore  entertained. 

5.  The  practice  in  the  West  India  islands  will  be  interesting  to, 
and  is  worthy  of  the  attention  of,  the  planters  of  our  country.  In 
Cuba,  both  from  muscovado  and  clayed  sugars,  the  molasses  re- 
spectively called  mze/  de  descarga  and  miel  de  purga  is  either  sold 
for  exportation  or  distilled  into  rum.  The  quantity  of  rum  manu- 
factured in  that  island  may  be  considered  trifling.  It  does  not  con- 
stitute a  beverage  of  the  white  population,  who  are  remarkable  for 
their  temperate  habits;  and  the  interest  of  the  planter  causes  him 
to  withhold  it,  except  as  a  medicine,  from  his  negroes,  who  are 
passionately  fond  it. 

6.  Formerly,  large  quantities  of  the  molasses  of  this  island  were 
sent  to  New  £ngland,  and  there  distilled  into  rum;  a  great  portion 
•f  which  was  used  in  the  African  slave  trade,  and  the  rest  con- 
sumed-in  this  country.  Since  the  slave  trade  has  been  checked, 
and  the  use  of  distilled  spirits  has  gone  out  of  fashion,  this  industry 
has  declined.  The  reduction  of  the  drawback  on  domestic  distilled 
•pirits,  under  recent  tariff's,  has  also  operated  as  a  further  checic 
mpon    it.     The   comparatively   small   quantities    yet    distilled    are 
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either  consuqied  at  home  and  in  Canada,  or  sent  to  Africa,  as 
shown  by  the  reports  of  the  commerce  and  navigation  of  the  United 
States.  Perhaps  it  is  owing  in  part  to  the  effect  of  the  above  men- 
tioned circumstances  that  the  more  legitimate  industry  of  extract- 
ing sugar  from  molasses  by  evaporation  in  vacuo  has  arisen  at  the 
north. 

7.  In  the  British  West  Indies  the  molasses  is  generally  distilled 
with  the  skimmings  of  the  juice,  and  the  rum  which  they  make  is 
celebrated  for  its  flavor.  In  the  French  islands  it  is  considered  far 
p  eferable  to  extract  sugar  from  the  molasses.  The  additional  in- 
vestment of  capital  required  for  distillation  is  avoided,  and  the 
products  obtained  sell  for  nearly  the  same.  The  planters  of  those 
islands  appear  to  have  had  correct  views  of  the  chemical  composi- 
tion of  molasses,  and  to  have  conducted  their  operations  with  con- 
sequent intelligence  and  skill.  The  competition  which  they  have 
encountered  in  France  from  the  beet  sugar  industry  has  probably 
diffused  a  spirit  of  enterprise,  which  has  caused  them  to  advance  in 
improvements  greatly  beyond  the  Spanish  and  British  islands. 

8.  The  following  results,  given  by  the  Marquis  de  Ste.  Croix,* 
will  show  the  advantages  of  the  French  practice  in  comparison 
with  that  of  distillation,  and  also  furnish  a  description  of  the  pro- 
cess employed:  220  gallons  of  molasses  sold  at  0.6  fr.  per  gallon, 
amount  to  192  francs,  ($24  55.)  If  this  molasses  be  distilled  into 
rum,  and  we  suppose  it  to  give  the  maximum  yield,  of  gallon  for 
gallon,  then  it  will  produce,  at  0.9  fr.  per  gallon,  198  fr.,  or 
#36  83,  no  deductions  being  made  for  fuel,  labor,  or  expense  of 
apparatus. 

Again,  if  we  convert  the  molasses  into  sugar  w^  need  no  peculiar 
apparatus,  and  it  demands  less  labor.  The  yield  of  crystallizable 
sugar  will  be  33  per  cent,  of  the  weight  of  the  molasses  employed, 
and  we  shall  have  44  per  cent,  of  second  molasses.  Hence  220 
gallons   yield  330  kilogrammes  of  sugar  (727.32  pounds)  and  96 

Gallons  of  molasses.     This  sugar  sells  for  0.4  fr.  per  kilogramme, 
'herefore,      .  » 

330  kilog.,  at  0.4  fr.  per  kilog.,  give 132.0  fr.,     or    $24  55 

96  galls.,  at  0.6  fr.  per  gall.,  give •....-.     57.6  fr.,     or       10  71 

189.6  fr.,     or      35  26 


By  skilful  manufacture  we  may  obtain  from  molasses  37  per 
cent,  of  sugar  and  40  per  cent,  of  second  quality  molasses.  If  the 
-sirup  be  evaporated  with  proportional  results  a  third  time,  we 
obtain. 


*  See  Fftbrication  Actaelle  da  Saere  teax  Colonies:  Paris,  1843. 


[50] 


296 


sugar  of  second  boiling,  as  above  .••<•••••,•  13S  fr.|  or  $24  66 

145  kilog.  of  third  sugar,  at  0  4  fr.  per  kilog.    58  fr.,  or  10  79 

40  galls,  of  molasses,  at  0.6  fr.  per  gall. .,.     5^4  fr.^  or  4  46 

214  fr.-,,  or  39  80 


Hence  it  appears  that  the  profits  of  eyaporating  sirups  a  third 
time  are  scarcely  sufficient  to  compensate  for  the  increased  con- 
sumption of  time  and  fuel*  and  that  the  profits  of  distillation  so 
slightly  exceed  those  obtained  by  a  single  evaporation  of  the  molas- 
ses, that  they  do  not  justify  the  additional  cost  of  machinery  and 
labor. 

9.  The  molasses  is  evaporated  in  the  French  islands  either  in  the 
ordinary  trains,  or  in  a  distinct  train  ^appropriated  to  this  purpose. 
The  fault  is  often  committed  of  diluting  it  with  water,  but  the  more 
intelligent  planters  mix  it  with  half  its  own  volume  of  juice,  to 
render  it  sufficiently  liquid  for  filtering.  This  mixture  indicates 
about  29^  Beaum6  when  the  cane  juice  marks  10^.  It  is  then  defe- 
cated with  lime,  and  sometimes  with  a  small  quantity  of  fine  bone- 
black,  according  to  the  usual  method.  If  this  defecated  liquor  be 
then  filtered  through  Taylor's  filters,  it  yields  a  better  sugar  than 
is  obtained  from  cane  juice  alone  which  has  not  been  similarly 
clarified  and  filtered.  And  when  the  defecated  solution  is  filtered 
first  through  Taylor^s  filtersj  and  then  through  the  J)umont^  or 
coarse  boneblack  filter j  it  gives  as  perfect  a  result  as  could  be  de- 
sired. 

10.  Dutrone  seems  to  have  been  led  by  his  investigations  to  cor- 
rect ideas  with  reference  to  the  chemical  composition  and  the  value 
of  molasses.  The  method  he  recommends  of  crystallizing  at  a  low 
degree  of  concentration  furnishes,  of  course,  larger  quantities  of 
sirups  or  molasses;  ^and  these  sirups  are  Evaporated  again  and 
again,  so  as  to  yield  third  and  fourth  products.  To  the  successive 
evaporation  of  the  sirup  the  only  limit  is  that  prescribed  by  the 
effect  of  the  soluble  impurities  which  become  concentrated  in  the 
mother-liquor  by  the  repeated  crystallizations  of  sugar. 

11.  The  planters  who  manufacture  clayed  sugar  have,  hereto- 
fore, paid  no  attention  to  the  separation  of  the  molasses  which 
flows  from  the  loaves,  when  first  placed  in  (he  purging  house,  and 
during  the  first  stages  of  the  operation  of  claying,  from  the  sirups 
which  escape  towards  the  close  of  the  process,  and  which  then 
consist  of  little  else  than  a  solution  of  sugar  in  water.  The  whole 
flow  together  into  one  common  cistern,  through  troughs  usually  ill 
adapted  for  the  conveyance  of  such  viscid  substances.  Fermenta- 
tion takes  place  to  a  very  considerable  extent  in  the  troughs,,  and 
progresses  still  further  in  the  cistern.  It  is  to  this  fermented  mass 
that  the  name  of  clayed  molasses  is  applied.  In  the  French  islands 
it  is  sometimes  evaporated,  but  in  the  Spanish,  the  miel  de  purga^ 
as  it  is  called,  is  sold  for  exportation,  and  commands  a  lower  price 
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tban  fMise^vado  molasses^  to  which  it  is  greatly  inferiori  by  reason 
of  the  acetous  fermentation  it  has  undergone. 

A  more  sensible  and  advantageous  system  might  be  adopted  by 
the  clayed  sugar  manufacturers,  if  they  would  copy  after  the  prac- 
tice of  the  lefiuers  and  beet  sugar  makers  of  France,  with  refer- 
ence to  the  extraction  of  sugar  from  their  inferior  sirups,  and  who 
studiously  avoid  mixing  the  gretn  sirups  which  drain  at  first 
from  the  ucand  runnings^  and  drippings^  as  they  are  technically 
called. 

Similar  6are  should  be  taken,  by  planters  who  may  follow  the 
practice  of  liquoring  sugars,  to  avoi^  mixing  sirups  of  finer  quality 
with  those  of  lower  grade;  and  each  should  adopt  a  systematic 
method  for  working  these  sirups  analagous  to.  that  of  the  refiners. 

Section  YIII. — On  the  use  and  treatment  of  animal  charcoal. 

1.  Charcoal  has  long  been  known  to  possess  the  property  of  ab- 
sorbing certain  gases  with  great  energy,  and  it  has,  consequently, 
been  used  as  a  disinfecting  agent.  This  power  it  possesses  in  a  re- 
markable degree,  but  which  varies  for  different  gases;  thus,  for  in- 
stance, recently  ignited  wood  charcoal  absorbs— 

90  times  its  own  volume  of  ammonia; 

86  do  do  hydrochloric  acid; 

65  do  do  sulphuretted  hydrogen; 

36  do  do  carbonic  acid; 

9  do  do  oxygen. 

The  gases  are,  therefore,  not  only  absorbed,  but  condensed  with 
great  force.  It  would  require  a  pressure  of  ninety  atmospheres, 
or  1,350  lbs«  to  the  square  inch, 'to  compress  ammonia  into  the 
space  it  occupies  when  thus  condensed  in  the  pores  of  char- 
coal. This  absorbing  power  of  charcoal  is  mechanical,  and  is  at- 
tended with  no  chemical  action,  for  the  gases  may  be  expelled  un- 
changed by  heat  alone. 

2.  Equally  remarkable,  though  even  more  obscure  in  its  theory, 
is  the  property  which  charcoal  possesses  of  absorbing  the  coloring 
matters  of  vegetable  substances,  first  observed  by  Lowitz,  of  St. 
Petersburgh,  and  since  carefully  studied  by  MM.  Payen  and  Bussy. 
This  property  is  not  confined  to  any  oiie  kind  of  charcoal,  and  va- 
ries in  intensity  with  the  porosity,  or  state  of  mechanical  division. 
Substances  which  melt  before  carbonization,  furnish  a  charcoal  of 
great  brilliancy  of  lustre,  and  entirely  destitute  of  decolorizing 
power.  Vegetable  charcoal  has  its  efficacy  greatly  increased  by 
ignition  with  some  soluble  salt,  which  is  afterwards  washed  out 
thoroughly.  The  coke,  or  charcoal  of  bituminous  schist,  is  emi- 
nently decolorizing;  but  the  charcoal  which  seems  to  be  the  most 
powerful,  is  that  obtained  from  animal  substances,  and  especially 
when  calcined  with  various  soluble  salts. 

3.  The  following  table  of  the  results  obtained  by  M.  Bussy,  fur- 
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nishes  accurate  information  of  the  comparative  decolorizing  powers 
of  the  di£ferent  kinds  of  charcoal. 


Kind  of  charcoal  of  the  weight  of  1  gram- 
me, or  15.433  grams. 


Blood  burnt  with  carbonate  of  potash 

Blood  burnt  with  chalk 

Blood  burnt  with  phosphate  of  lime , 

Olue  barnt  with  carbonate  of  potash 

White  of  egg  burnt  with  same  substance . . 

Gluten  burnt  with  same  substance 

Charcoal  from  the  acetate  of  potash 

Charcoal  from  the  carbonate  of  soda 

Lampblack  not  burnt 

Lampblack  burnt  with  carbonate  of  potash 

Boneblack  after  the  extraction  of  the  earth 

.  of  the  bone  by  acid  and  burning  with 

potash 

Boneblack  treated  with  acid 

Oil  burnt  with  phosphate  of  lime 

Boneblack  from  a  sal-ammoniao  factory... . 


°l' 

a  Sd 

**  a 
0-S 

SS 

IS. 


1.6 

0.67 

0.38 

1.15 

1.08 

0.34 

0.18 

0.38 

0.128 

0.55 


1.45 
0.06 
0.064 
0.032 


3< 


•ill 


0.18 
0.10 
0.09 
0.14 
,0.14 
6.08 
0.04 
0.08 
0.03 
0.09 


0.18 
0.015 
0.017 
0.009 


!i 


11 


I 


50.0 
18.0 
12.0 
36.0 
34.0 
10.6 

5.6 
12.0 

4.0 
15.2 


45.0 
1.87 

a.o 

1.0 


-a 


ao.o 

11.0 
10.0 
15.5 
15.5 
8.8 
4.4 
8.8 
3.3 
10.6 


20.0 
1.6 
1.9 
1.0 


4.  The  decolorizing  power  of  animal  charcoal  was  made  the 
subject  of  a  prize  essay  by  the  Pharmaceutical  Society  of  Paris; 
and,  to  the  researches  of  M.  Bussy,  the  results  of  which  are  given 
ih  the  above  table,  the  first  prize  was  awarded.  The  society  also 
awarded,  at  the  same  time,  a  second  prize  to  M.  Pay^n,  whose  in- 
vestigations established  the  following  facts,  which  I  give  in  bis 
own  language. 

1st.*  The  decolorizing  power  of  different  kinds  of  charcoal  de- 
pends chiefly  upon  the  state  of  division  in  which  they  occur. 

2.  In  the  diflerent  sorts  of  charcoal,  the  carbon  alone  acts  on 
the  coloring  matters,  which  it  separates  by  uniting  with  them. 

3.  In  the  application  of  animal  charcoal  to  the  refining  of  sugar, 
it  acts  likewise  upon  the  vegetable  extractive  matters  and  pro- 
motes crystalization  in  a  remarkable  manner. 

4.  In  conformity  with  the  above  principles,  the  decolorizing 
action  of  the  different  varieties  of  charcoal  may  be  so  modified 
that  the  most  violent  may  become  the  most  active. 


*  See  Payen,  Conrs  de  Chim.  EUm.  at  Indus. 
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5.  The  distinction  which  some  have  sought  to  establish  between 
animal  and  vegetable  charcoals  is  incorrect,  and  we  should  substi- 
tute for  it  that  of  charcoals  of  dull  and  brilliant  lustre. 

6.  The  various  earthy  substances  uspally  mixed  with  charcoal, 
and  with  animal  charcoal  especially,  exert  only  an  influence  of  po- 
sition relatively  to  that  of  the  carbon;  they  serve  as  auxiliaries  by 
separating  the  particles  of  carbon,  and  thus  render  it  mere  free  to 
act  upon  the  coloring  matter. 

7.  Animal  charcoal,  besides  the  decolorizing  power,  has  the 
property  of  removing  lime  in  solution  either  in  water  or  in   sirup. 

8.  The  ammonia  in  boneblack  is  sometimes  useful  in  the  treat- 
ment of  sirups.  * 

9.  Neither  vegetable  charcoal  nor  charcoals  generally  possess 
the  property  of  removing  lime  either  from  water  or  sirups. 

10.  By  means  of  an  instrument  called  the  decolorimeter  it  is 
easy  to  measure  exactly  the  decolorizing  power  of  all  kinds  of 
charcoal. 

5.  The  decolorimeter  of  M.  Payen  will  be  readily  understood  by 
reference  to  plate  IV,  fig.  4.  To  measure  with  it  the  decolorizing 
power  of  any  specimen  of  charcoal  a  proof  liquor  must  first  be 
prepared,  and  for  which  purpose  a  solution  of  either  indigo  or  mo* 
lasses  is  made;  molasses  should  be  preferred  for  this  purpose  by 
sugar  manufacturers,  since  the  decolorizing  power  varies  somewhat 
for  different  kinds  of  coloring  matter,  as  is  shown  by  the  table  of 
Bussy.  Equal  portions  of  this  proof  liquor  are  then  to  be  sub- 
jected to  the  action  of  equal  weights  of  the  several  kinds  of  char- 
coal to  be  compared.  The  proportion  used  in  each  experiment  by 
M.  Payen  was  one  decilitre  (6  ounces)  of  the  proof  solution,  and 
two  grammes  (30  grains  nearly)  of  the  charcoal.  The  two  are  well 
shaken  together  and  then  filtered;  the  filtered  liquor  is  poured  into 
the  vertical  tube  (C  D)  of  the  instrument;  then  by  drawing  out 
the  horizontal  sliding  tube  (B  B)  a  stratum  for  observation  is  ob- 
tained of  any  desired  length.  The  observer  looks  through  the 
sliding  tube  towards  the  Tight,  and  adjusts  the  length  of  the 
stratum  of  liquid  through  which  he  looks,  until  he  obtains  the  same 
intensity  of  color  as  that  presented  by  a  portion  of  the  proof-liquor 
enclosed  between  two  discs  of  glass  (P)  attached  to  the  instru- 
ment: he  then  reads  off  the  divisions  of  the  graduated  scale  upon 
the  horizontal  sliding  tube.  The  first  whole  division  marks  a 
thickness  exactly  equal  to  that  of  the  liquid  between  the  two  discs: 
No.  2  indicates  a  double  thickness;  No.  3  a  triple,  and  so  on.  If, 
for  any  specimen  submitted  to  examination,  the  corresponding  di- 
Tision  of  the  scale  observed  were  No.  2,  it  is  evident  that  the 
charcoal  would  have  extracted  exactly  one-half  of  the  coloring 
matter.  The  subdivisions  of  the  graduated  scale  permit  the  frac* 
tional  parts  of  the  decolorizing  power  to  be  determined. 

6.  The  great  efficacy  of  M.  I)umont's  method  of  employing 
coarse  grained  instead  of  fine  boneblack,  has  led  some  into  erro- 
neous views  upon  the  subject.     Its  superiority  is  to  be   attributed 
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solely  to  the  manner  of  its  use,  the  sirups  being  brought  more  in- 
timately and  thoroughly  into  contact  with  the  carbon,  by  the  pro- 
cess of  filtration,  than  is  practicable  with  fine  boneblsTck  in  the 
method  usually  employed  to  cause  it  to  act  upon  them.  Unless 
stired  constantly,  it  settles  by  its  weight  to  the  bottom.  If  it  were 
practicable  to  filter  sirups  rapidly  through  fine  boneblack,  the 
effect  produced  would  be  greater  than  that  attained  by  using  coarse 
boneblack. 

Mechanical  subdiTision  by  multiplying  the  points  of  contact 
greatly  increases  the  decolorizing  power.  For  saccharine  solu- 
tions, the  density  of  which  does  not  exceed  12^  or  15^  Seaum6,  a 
mixture *of  one- third  of  fine  with  two-thirds  of  coarse  boneblack 
will  allow  filtration  to  be  performed  readily,  and  will  act  far  more 
energetically  than  coarse  boneblack  alone.  In  refining  sugar, 
when  fine  boneblack  alone  is  used,  it  is  requisite  to  employ  ten  per 
cent,  for  clarification;  but  when  the  clarified  liquid  is  aiterwards 
to  be  subjected  to  filtration  through  Dumont  filters,  from  three  to 
five  per  cent,  only  of  fine  boneblack  is  usually  employed  in  clari- 
fication, and  nine  or  ten  per  cent,  of  coarse  boneblack  is^  subae- 
quently  used  in  filtration.  Fine  boneblack  which  has  been  once 
used  retains  the  impurities  it  has  absorbed  so  tenaciously  that  it 
can  only  be  used  as  a  refuse  article  for  manure,  while  coarse 
grained  boneblack  may  be  reyived  and  employed  successively  and 
indefinitely  any  number  of  times. 

7.  When  boneblack  has  been  badly  prepared  by  overheating  and 
exposure  to  the  air,  so  as  to  burn  off  a  portion  of  the  carbon  united 
with  the  earthy  substances,  its  energy  will  be  greatly  impaired. 
This  fault  will  be  readily  detected  by  the  eye.  When,  however, 
it  has  been  sufficiently  calcined,  it  will  retain  a  portion  of  animal 
oil  and  empyreumatic  matter,  which  will  impart  a  peculiar  dis- 
agreeable flavor  to  the  sirup,  which  cannot  be  removed.  Bone- 
black  of  this  sort  is  not  easily  moistened,  and  may  be  recognized 
in  preparing  the  filters,  and  sometimes  even  by  the  taste  or  smell. 
When  calcined  a  second  time  these  defects  are  corrected,  and  it 
may  thus  be  rendered  fit  for  use. 

8.  A  slight  portion  of  carbonate  of  ammonia,  produced  by  the 
calcination  of  the  animal  matter  in  the  bones,  and  retained  by 
boneblack,  and  a  portion  of  carbonic  acid,  absorbed  perhaps  from 
the  air,  are  probably  the  agents  which  accomplish  the  separation 
of  lime  from  solution  in  water  or  in  sirup.  In  performing  this 
office,  the  carbonate  of  ammonia  is  decomposed;  hence  it  becomes 
expedient,  when  boneblack  is  used  to  remove  any  excess  of  lime 
which  may  have  been  employed  in  defecation  as  well  as  for  de- 
colorization,  to  add  always  a  fresh  portion,  not  only  for  the  pur- 
pose of  restoring  that  which  may  have  been  separated  in  sifting, 
in  the  form  of  fine  boneblack,  but  also  to  retain  always  a  portion 
of  the  carbonate  of  ammonia  of  which  it  has  been  deprived;  and 
in  places  where  carbonate  of  ammonia  may  readily  and  cheaply  be 
obtained;  (as  may  generally  be  done  at  establishments  for  gas  light* 
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ing,  in  which  bitominious  coal  is  employed,)  it  would  perhaps 
be  found  advantageous  to  wash  a  portion  of  the  coarse  boneblack 
with  a  weak  solution  of  carbonate  of  ammonia  previous  to  its  use 
in  filtration.  Such  a  practice  would  be  attended  with  no  injurious 
consequences,  and  would  doubtless  enable  the  manufacturers  of 
cane  and  beet  sugar  to  correct  promptly  and  readily  the  effects  of 
any  excess  of  lime  used  in  defecation. 

9.  There  are  two  methods  in  use  for  preparing  boneblack.  The 
first,  which  was  employed  by  MM.  Payen  and  Pluvinet,  and  which 
is  also  still  used,  consists  in  calcination  in  large  iron  retorts,  sim- 
ilar to  those  used  for  the  manufacture  of  gas  for  lighting  cities. 
The  bones,  previously  stripped  of  adhering  flesh  and  fatty  matter, 
are  placed  in  a  retort,  and  then  kept  at  a  cherry  red  heat  for  36 
hours;  after  which,  they  are  taken  out  and  ground.  In  the  other 
method  the  bones  are  put  into  iron  pots,  of  such  form  that  one  pot 
can  be  made  to  enter  for  a  short  distance  within  another,  their 
mouths  being  together;  so  that  two  pots,  when  joined,  form  a 
single  closed  vessel.  Into  these  pots,  thus  united,  about  50  pounds 
of  bones  are  usually  put,  and  a  furnace,  resembling  somewhat  a 
potter's  kiln,  is  then  charged  with  a  number  of  these  pots  and 
their  contents,  which  are  piled  one  above  another  in  the  furnace: 
after  remaining  at  a  red  heat  in  the  oven  until  calcination  is  com* 
plete,  and  until  the  furnace  has  cooled  down,  the  pots  are  taken 
out  and  their  contents  emptied  and  ground. 

10.  The  mills  employed  for  grinding  calcined  bones  are  of  three 
kinds:  one  with  vertical  rollers,  which  is  objectionable  on  account 
of  the  large  waste  it  produces  in  fine  dust;  another,  with  horizon- 
tal stones,  resembles  the  common  flour  mill;  a  third,  and  the  best, 
consists  of  a  pair  of  steel  rollers,  with  grooved  surfaces,  which  may 
be  set  at  any  desired  distance  apart,  so  as  to  divide  the  bones  into 
grains  of  corresponding  size.  After  the  bones  are  ground,  they 
are  twice  sifted:  first,  through  a  sieve,  the  interstices  of  which  are 
large,  and  which  is  intended  to  remove  any  lumps  which  may 
have  escaped;  and  then  through  a  fine  sieve,  to  remove  the  fine 
powder  and  retain  the  grains.  These  grains  vary  in  size,  usually 
from  0  03  to  0.2  of  an  inch  in  diameter.  It  is  desirable,  however, 
that  they  should  be  of  uniform  size,  and  not  exceed  .01  inch. 

11.  The  revivification  of  boneblack  is  a  subject  of  the  first  im- 
portance to  the  manufacturers  of  sugar,  as  upon  it  depends  the 
economy  of  its  use.  Various  methods  have  been  from  time  to 
time  attempted,  but  none  of  them  apparently  with  perfect  success. 
The  coloring  and  other  extractive  matters  absorbed  form  a  coat- 
ing, which  may  be  removed  either  by  fermentation  or  calcination. 
Calcination^  when  performed  in  close  vessels,  is  apt  to  injure  the 
decolorizing  power,  by  fusing  the  vegetable  substances  absorbed 
and  converting  them  into  carbon  of  brilliant  lustre  and  feeble  en- 
ergy. Fermentation,  on  the  other  hand,  seems  to  perform  its  of- 
fice but  imperfectly,  and  to  leave  a  large  proportion  of  the  impuri* 
ties  in  the  boneblack* 
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12.  M.  Derosne  has  consequently  adopted  the  method  of  cal- 
cination in  contact  with  air;  and  he  has  endeavored  to  render  the 
process  continuous  by  employing  a  sort  of  Archimedes  screw,  sur* 
rounded  by  a  furnace,  and  thus  kept  at  low  red  heat.  The  bone- 
black,  after  being  well  washed  and  dried,  is  put  on  at  one  end^ 
and  the  helix  or  screw  turning  slowly  upon  an  axis  slightly  in- 
clined, the  revolutions  cause  it  to  pass  through  and  escape  at  the 
other  end.  A  convenient  tub,  furnished  with  paddies  or  arms  at- 
tached horizontally  to  a  vertical  axis,  is  employed  for  washing  the 
boneblack.  This  tub  is  also  supported  upon  a  horizontal  axis, 
upon  which  it  can  be  turned  so  as  to  incline  it't«  any  desired 
extent,  and  even  invert  its  position,  by  which  arrangement  the 
water  may  be  first  poured  off,  and  the  boneblack  then  emptied  in 
mass. 

Many  of  the  refiners  employ  for  revivification  of  boneblack  the 
iron  retort  of  gas  manufacturers,  which  certainly  combines  great 
simplicity  of  construction  with  convenience  of  use.  Whether  or 
not  the  difficulties  which  M.  Derosne  has  sought  to  obviate  by  his 
method  of  calcination  in  contact  with  air  can  be  overcome  by  the 
regulation  of  the  heat  in  such  retorts,  I  have  not  the  requisite  in- 
formation to  decide.  It  is  to  be  regretted  that  but  little  has  here- 
tofore been  generally  known  of,  and  that  but  few  investigations 
have  been  made  upon,  Ihis  important  subject^  of  which  a  few  of 
the  refiners  only  seem  to  possess  any  considerable  knowledge — the 
fruit,  usually,  of  dearly  bought  experience. 

13  The  only  method  of  fermentation  which  has  been  extensively 
tried  is  that  by  M.  Peyron,  which  I  have  already  spoken  of  under 
the  head  of  filtration,  and  to  which  article  I  therefore  refer.  This 
method  has  the  advantages  of  continuous  action,  and  of  not  requir- 
ing the  boneblack  to  be  removed  from  the  filterf,  and,  could  it  be 
rendered  practicable,  it  would  doubtless  constitute  an  important 
improvement  in  the  manufacture  of  sugar. 

14,  A  third  process  has  lately  been  invented,  which  consists  in 
the  transmission  of  a  current  of  ^team,  heated  to  the  temperature 
of  750^,  through  the  boneblack;  of  the  results  of  this  method,  tried 
in  France,  I  have  no  means  of  accurate  information.*     It  is,  how- 

*  From  an  exoeilent  article  in  Da  Bow's  Review  of  Janaary,  1848,  written  by  J.  P.  Ben* 
jamin,  esq.,  I  makt  the  following  extract : 

"  Much  talent  and  labor  have  been  expended  in  devising  the  best  means  of  economical  and 
effective  revivification ,  but  I  have  heara  of  none  so  satisfactory  as  that  by  heated  steam, 
which  I  saw  employed  on  a  very  large  scale  at  two  refineries  near  Paris.  The  black  is 
thrown  into  a  heap  after  being  used  and  allowed  to  ferment;  it  is  then  thrown  into  a  cylinder, 
and  steam  heated  to  750°  F.  is  driven  through  it.  The  steam  is  heated  by  being  conveyed 
through  pipes  placed  in  a  furnace  so  arranged  as  to  heat  them  red  hot  without  the  actual 
contact  of  the  fire,  which  would  otherwise  soon  destroy  them,  nor  is  this  process  at  all 
attended  with  the  danger  which  might  be  supposed  to  result  from  the  great  degree  of  heat 
imparted  to  the  steam.  The  action  on  the  boneblack  is  at  once  to  destroy,  by  combination 
all  the  organic  matters  absorbed  into  the  pores  cf  the  charcoal  during  its  use  and  the  purga- 
tion of  all  impurities.  The  black  when  taken  from  the  cylinder  is  simply  fified,  and  is  found 
then  to  be  fully  equal  to  new  black,  and  one  of  the  refiners  stated  that  he  considered  it  as 
constantly  improving  by  this  process.  This  mode  of  revivification  is  oheap^  simple,  and  sope- 
rior  to  any  with  which  1  am  acquainted.  The  proper  degree  of  heat  in  the  tubes  is  very  simply 
indicated  by  dropping  on  them  a  metallic  alloy,  which  melts  at  750^  F.  When  tn^  alloy 
begins  to  melt,  the  lx>neblack  is  dischfurgedj  and  a  fresh  chttrge  iatroduc^d  into  the  cylinder/*' 
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ever,  spoken  of  in  teros  of  high  commendation  by  some  of  the 
most  distinguished  French  chemists,  and  particularly  by  M.  Du* 
mas.* 

15.  No  process  of  revivification  can  be  considered  complete 
which  does  not  remove  not  only  the  vegetable  tfXtractive  matter^ 
but  also  the  lime  which  is  absorbed  by  the  boneblack,  at  least  oc- 
casionally. Unless  this  lime  is  removed,  it  accumulates  and  ob- 
structs the  pores  of  the  boneblack,  so  as  greatly  to  impair  its  en- 
ergy- 

16  Fermentation  in  contact  with  atmospheric  air,  by  the  pro- 
duction of  acetic  acid,  decomposes  the  carbonate  of  lime,  and  forms 
a  soluble  acetate;  but  if  calcination  be  employed,  it  is  necessary 
to  wash  the  boneblack,  from  time  to  time^  with  dilute  acid.  For 
this  purpose  sulphuric  acid  is  used  by  some,  and  muriatic  by 
others:  sulphuric  acid,  however,  is  to  be  preferred^  not  only  for 
the  sake  of  economy,  but  also  because  the  sulphate  of  lime  exerts 
no  injurious  effect,  if  it  be  not,  as  M.  Braconnot  thinks,  positively 
beneficial;  while  the  chloride  of  calcium  formed  by  the  muriatic 
acid  possesses  deliquescent  properties  which  may  be  highly  detri- 
mental, unless  the  salt  be  entirely  removed  by  washing  before  the 
boneblack  is  used  for  filtration. 

17.  The  chief  objection  to  the  use  of  boneblack  in  the  manufac- 
ture of  sugar  has  heretofore  been  its  cost.  It  is  usually  manufac- 
tured in  large  cities,  from  materials  gathered  at  considerable  ex- 
pense; but  the  fact  should  be  taken  into  consideration,  that,  when 
properly  revivified,  it  may  be  used  repeatedly,  and  until  it  is  grad-  . 
ually  consumed  by  the  losses  it  sustains  each  time  in  consequence 
of  the  fine  boneblack  detached  and  separated  from  it  in  the  me- 
chanical operations  to  which  it  is  subjected.  The  only  expense, 
therefore,  sustained,  is  that  which  is  necessary,  from  time  to  tim<', 
to  restore  the  portions  thus  lost;  and  with  reference  to  the  orifii- 
nal  investment  of  capital  employed,  it  may  be  safely  stated  that  ti.e 
additional  profits  of  a  single  crop,  resulting  not  only  from  the  iih- 
provement  in  the  quality,  but  also  in  the  increased  quantity  of  tL& 
sugar  manufactured,  will  far  more  than  repay  the  outlay. 

18.  This  statement  is  proved  by  the  following  comparative  re- 
sults of  refining  with  and  without  boneblack,  given  by  M.  Payen: 


Old  method,  by 
lime. 

Method  by 
fine  bone, 
black. 

Method 
by  coarse 
boneblack. 

Sogar  in  loaves  and 
clayed  lamps.... 

Bastard  sngar 

Molasses .*•••. 

Per  cent. 

55.276  10  57.^6 

17.085  to  17.36 

25.126  to  22. 18 

2.51$  to   2.60 

Percent. 

61.63 

18.29 

17.34 

2.74 

Per  cent. 

63.47 

19.23 

14.41 

2.89 

LfOss,  &c .••...•...• 

*  S«e  DoxoAS;  Trait,  de  Chim.j  vol.  vii^  p.  521. 
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19.  It  has  been  considered  a  great  desideratum  to  obtain  some 
abundant  and  cheap  substitute  for  boneblack.  The  only  substance 
as  yet  successfully  tried  is  bituminous  schist.  In  France  there  is 
at  M6nat,  in  the  d6part6ment  of  the  Puy  de  Dome,  an  extensive 
geological  formation  of  this  rock^  It  has  been  thoroughly  tried  by 
the  manufacturers  of  beet  sugar,  who  prepare  it  for  use  by  calcina- 
tion,  in  a  manner  precisely  similar  to  that  employed  for  boneblack. 
It  is  composed,  according  to  the  analysis  of  M.  Payen,  of  silica, 
alumina,  carbon,  a  bituminous  oil  analogous  to  petrolium,  the  sul- 
phuret  of  iron,  sulphate  of  alumina,  and  ilmmonia,  and  some  traces 
of  nitrogenous  matter,  soluble  in  boiling  water.  And  after  calci- 
nation, it  forms  an  intense  black  mass,  which  is  light,  friable,  and 
easily  reduced  to  powder;  it  is  then  composed  of: 

Silica 50  to  60. 

Carbon 20  to  25. 

Alumina • 10  to  15.  . 

Iron  and   sulphur • 2  to    3.   ' 

Sulphate  of  lime,        ? 
Sulphate  of  alumina,  J  "*^^^- 

20.  When  bituminous  schist  is  used  in  fine  powder,  it  communi- 
cates a  brown  tinge  to  the  sirup.  But  the  principal  objection  to 
its  use  in  the  manufacture  of  cane  or  beet  sugar,  as  a  substitute  for 
boneblack,  is,  that  it  does  not  possess  the  property  of  removing 
lime,  as  well  as  coloring  matters.  As  a  decolorizing  agent,  it  is, 
however,  more  powerful  than  boneblack;  and  it  might,  therefore, 
be  used  with  advantage  in  refining.  The  power  of  absorbing  lime 
might  be  imparted  to  it  by  washing  it  in  a  solution  of  carbonate  of 
ammonia,  or  by  mixing  it  with  a  portion  of  boneblack. 

21.  It  is  stated*  that  a  mixture  of  10  parts  of  clay,  2  parts  of  tar, 
and  60  of  fine  bituminous  coal,  well  kneaded  together,  and  then 
calcined,  will  form  a  composition,  the  decolorizing  power  of  which 
is  but  little  inferior  to  that  of  boneblack;  and  it  is  evident,  from 
the  principles  established  by  MM.  Payen  and  Bussy,  that  we  may 
readily  form  an  almost  indefinite  number  of  artificial  decolorizing 
mixtures.  But  in  attempting  to  substitute  any  thing  in  the  place 
of  the  boneblack  now  employed,  regard  must  be  had  to  the  me- 
chanical properties  requisite  for  filtration  and  revivification  without 
considerable  loss;  as  well  as  to  the  property  of  removing  lime, 
even  more  important  and  indispensable,  perhaps,  than  that  of  de- 
colorization.  Whatever  agent  may  be  employed,  filtration  will, 
probably,  be  found  necessary  to  produce  sufficient  mechanical  con- 
tact, and  obtain  a  proper  effective  result. 


*See  BeneliiUi  Trait,  de  Chim. 
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CHAPTER  IH. 

ON  THE  DBAWBACK   UPON    REFINED    SUGAR,  AND    THE  IMPORTATION    OF 
M0^A3S£S  AND  SIRUPS. 

1.  On  drawback,-^}] pon  this  subject  I  have  already  submitted, 
on  a  former  occasion,  (Sen.  Doc.  No.  165,  2d  sess.  28th, Cong.,)  a 
full  and  accurate  report;  to  which  I  beg  leaye,  therefore,  to  refer. 

The  conclusions  I  had  then  reached  were,  however,  open  to  two' 
objections:  first,,  that  they  were  based  upon  limited  operations,  the 
refining  of  25,000,000  pounds  of  raw  sugar;  and,. secondly,  that  the 
results  were  known  to  me  only  by  the  testimony  of  interested  wit- 
nesses. ^ 

2.  I  therefore  %'isited  nearly  all  the  large  and  many  of  the 
smaller  refineries  of  the  Atlantic  cities,  in  obedience  to  my  instruc- 
tions, and  with  the  object  of  ascertMniiig  the  average  or  general 
yield  of  refining,  both  by  the  modern  and  by  the  .old  process.  The 
plan  I  pursued,,  when  practicable,  was,  to  examine  the  books  of  the 
establishment,  and  compute  the  yield  qf  refining. from  the  amount 
of  raw  sugar  purchased,  and  refined  sugar  sold.  These  books,  de- 
signed only  for  the  private  use.  and  inTormation  of  their  owners, 
were  submitted  to  my  examination  confidentially,  but  willingly 
and  unhesitatingly;  and  from  knowledge  thus  acquired  and  ex- 
tended, I  qan  testify  that  thirty  per  cent,  of  white  so^ar  and 
seventy  per  cent,  of  brown  (the  average  mixture)  yield: 


By  the  vacuum  process: 

Refined •  56.4 

Bastard 22.9 

Molasses \ 17.4 

Dirt  and  waste.  ••.•.••.••     4.3 


100.0 


By  the  old  process: 

Refined 53.6 

Bastard 19.6 

Molasses  .' 24.5 

Dirt  and  waste 2.3 


100.0 


Of  the  53.6  per, 'cent,  of  reined  sugar  obtaijied  by  the  old  pro- 
-cess,  40  will  be  loaf^  and  13.6  will  be  lump  sugar, 

tJndef  the  prestrnt  tari^  it  is  not  improbable  that  a  larger  rela- 
tive proportion  of  wliite  clayed  sugar  may  be  used;  if  so,  the  jield 
of  refined  sugar  will  increase,  at  the  expense  chiefly  of  the  molas- 
ses. I  should  suppose  that  it  might  even  become,  by  the  vacuum 
process: 

Refined 55.0  to  60.0 

Bastard :.•.. 23.0  to  23.0 

Molasses 17.5  to  12.6 

Dirt  and  waste ..•.•.. •••••     4.5  to    4.5 

100.0      100.0 
SO 
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3.  On  molasses. — Much  has  of  late  been  said  of  fraudulent  im- 
portations of  sugar  into  the  United  States  under  the  name  of  mo- 
lasses. The  whole  subject  has  been  thoroughly  and  carefully 
investigated  by  the  Treasury  Department,  and  the  results  are  giyen 
in  Sen.  Doc.  No.  12,  28tb  Cong.,.^d  sess.,  and  in  Sen.  Doc.  No. 
467,  1st  sess.-29th  Congress;  to  which  I  therefor  refer. 

From  the  analyses  of  sugars  and  molasses  given  in  the  latter  of 
the  above  mentioned  Senate  documents,,  and  also  in  chapter  4,  of 
this  report,  it  will  appear  that  West  India  or  Louisiana  molasses 
contains,  on  an  average,  52  per  cent,  of  crystallizable  sugar;  that 
the  maximum  amount  of  such  sugar  tontained  in  the  best  an<i 
strongest  sirups  of  the  refiners,  or  in  strop  de  bdtterie  is  60  per  cenjt.; 
and  that  considerable  quantities  of  sugar  have  been  manufactured 
from  molasses  by  ^ome  of  {he  refiners  of  New  York,  Philadelphia, 
and  Baltimore.  In  Senate  Doc.  No.  12,  28th  Congress,  2d  session, 
it  is  stated  also  that  35  per  cent,  of  good  sugar  is  the  yield  ob- 
tained^'by  these  refiners,  a  fact  which  is  confirmed  by  information  I 
have  myself  received. 

4.  This  branch  of  manufacture  owes  its  origin  entirely  to  the  op- 
eration of  our  revenue  laws.  The  relative  duties  being  dispropor- 
tionate, it  has  resulted  that  sugar  could  be  readily  and  profitably 
extracted  from  molasses.  Ignorance,  however,  led  to  suspicion? 
that  a  business  apparently  so  forced  must  be  base4  upon  fraud;  and 
these  suspicions  were  sustained  by  the  incorrect  statements  and  cal- 
culations of  persons  whose  interests  are  opposed  to  the  importation 
and  consumption  of  foreign  sugar,  and  who  therefore  were,  proba- 
bly, too  easily  convinced  of  what  they  would  fain  imagine  to  be 
true.  The  fact  that  molasses  contains  52  per  cent,  of  crj&tallizable 
sugar,  and  sirop  de  batterie  but  60  per  cent.,  should  put  the  ques- 
tion entirely  at  rest,  esp.ecially  under  any  tariff  which  levies  a  low 
duty  on  the  former  and  a  prohibitpry  duty  on  the  latter.  (See 
chapter  4  for  further  information.) 

5.  One  of  the  principal  objects  proposed  by  Congress  in  these 
researbhes  was  understood  to  be  the  discovery,'  if  practicable,  of 
some  chemical  mode  of  distinguishing  genuine  molasses  horn  sirop 
de  batteriej  and  which  might  also  be  used  by  the  custom-house 
officers  with  certainty  and  ease.  Aft^r  a  thorough  investigation 
of  the  whole  subject,  I  confidently  assert  that  no  such  discovery  is 
possible,  for  the  simple  reason  that  sirop  de  batterie  of  inferior 
quality  often  differs  from  superior  molasses  {strop  d^egout)  in  no 
sensible  respect,  whether  we  rely  upon  chemical  tests,  or  such  as. 
are  furnished  by  our  senses.  The  sirqp  de  batterie  oceasionally 
imported  in  small  quantities  is  a  choice  article,  carefully  selected 
for  the  purpose;  no  one  can  mistake  it  for  ordinary  molasses,  or  be 
deceived  by  it;  but  when  the  juice  from  which  it  was  made  has 
been  limed  in  excess,  or  the  heat  has  been,  improperly  managed, 
sirop  de  batterie  presents  all  the  peculiarities  by  which  molasses 
(sirop  d^egout)  is  usually  recognised,  and  even  the  most  experi- 
enced sugar  planters  might  mistake  the  one  for  the  other. 
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The  inspectars  of  the  revenue  and  grocers  are  familiar  only  with 
molasses;  they  rarely  see  strop  de  batteries  know  little  of  it,  and 
usnally  helieve  it  to  resemble  s6mewhat  in  taste  and  color  a  solu« 
tion  of  sugar  and  water:  they  are  confident  they  could  detect  it 
easily;  but  as  they  never  see  it  of  inferior  quality,  they  would 
almost  invariably  be  deceived  by  it.  I  am  sure  I  could  introduce 
it  under  the  name  of  molasses,  without  much  trouble,  under  any 
tariff  act  which  may  levy  discriminating  duties  upon  sirups  and 
molasses..  It  Will  be,  therefore,  found  difficult  to  distinguish  mo- 
lasses from  strop  de  batterie^  nor  can  chemical  analysis  remove  or 
in  any  degree  lessen  the  difficulty. 

Chemically,  cane  juice  must  be  regarded  as  a  solution  of  sugar 
in  water,  combined  \vitb  impurities  only  to  a  very  slight  degree. 
By  defecation  some  of  these  impurities  are  separated;  the  rest  still 
remain  in  solution.  They  vary  also  in  quantity  with  the  soil,  the 
weather,  the  climate,  etc.  Sirop  de  batterie  is  this  defecategi  and 
and  impure  aqueous  solution  of  sugar,  concentrated  by  evaporation 
to  35^  or  40^  Beaum6,  or  to  saturation;  molasses  is  the  same  satu- 
rated solution  as  mother  liquor,  indicating  from  35^  to  40^  Beaume, 
after  concentration  to  235^  Fahrenheit,  or  i2°  Beaum^,  and  the 
crystallization  of  a  portion  of  the  sugar  in  .cooling.  As  the 
quantity  of  the  impurities  varies  continually,  there  is  of  course  no 
fixed  relative  chemical  composition;  and,  though  molasses  will 
always  contain  a  somewhat  larger  proportion  of  foreign  ipatter 
thai|  the  particular  sirup  from  which  it  was  made,  it  may  be  much 
purer  than  the  sirop  de  batterie  on  an  adjoining  plantation;  or  even 
on  the  same  estate  after  a  change  of  weather.  The  distinction, 
therefore,  is  one  of  attending  circumstances,  ^nd  not  of  composi- 
tion; and  the  question  to  be  answered  is  one  of  fact, — whether  oi: 
not  the  solution  has  ever  been  allowed,  in  part,  to  crystallize?  If 
so,  it  must  be  called  molassesj  otherwise  sirop  de  batterie.  Direct 
testimony  is,  therefore,  the  only  evidence  whi'ch  can  be  adduced  to 
determine  the  matter.  A  decided  flavor  of  caramel  furnishes  pre- 
sumptive  evidence  that  concentration  has  been  pushed  high  enough 
for  crystallization;  but  this  will  often  prove  deceptive,  for  battery 
sirup  may  also  be  flavored  with  caramel,  if  any  portion  becomes 
overheated  upon  the  sides  or  bottom  of  the  pan. 

6.  It  has  been  erroneously  asserted  by  some  that  the  miel  of 
Cuba  is  iirop  de  batterie^  or  sirup  in  some  other  equally  pure  state. 
and  that  therefore  it  is  imported  fraudulently  if  under  the  name  of 
molasses.  I  will  therefore  add,  that  in  that  island  5tro/)  de  batterie 
is  always  called  melado.  Clayed  molasses  is  known  as  miel  de 
purgdj  znd  the  molasses  which  drips  from  brown  sugar  in  the  hogs- 
heads is  called  miel  de  descarga.  The  latter  is  in  every  respect 
the  same  as  Louisiana  molasltes,  and  is  superior  to  miel  de  purga. 
The  term  miel  de  descarga  is  also  applied  to  the  first  drippings 
from  the  moulds  into  which  the  strike  is  put  for  making  clayed 
sugar,  but  this  article  is  trifling  in  quantity  and  never  exported. 

7.  The  simplest,  readiest,  and  by  far  the  most  delicate  test  for 
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jlistinguishing  sirups^  is  the  sense  of  taste,  guided  by  experience; 
and  whenever  the  taste  cait>  detect  no  appreciable  difference^  the 
conmercia)' values  will  not  vary.  Hence  no  difficulty  would  arise 
if  the  duties  on  sirups  and  molasses  bear  the  same  proportidn  to 
their  respective  values.  But  discriminating  duties  may  give  rise 
to  perplexing  questions  of  facts,  and  in  such  cases  chemical,  aa- 
ilyses  can  alSford  no  assistance. 
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CHAPTER  IV.  . 

ANALYSES  OF  SPECIMENS  OF  MOLASS£:S,  SUGARS^  ETC.,  RECEIVED  FROH 
THE  REVEHUEOFFfcERS. 

The  followiqg  chapter  contains,  in  tabular  form,  the  results  of 
the  analyses  of  all  the  different  specimens  of  molasses,  of  seHiments 
taken  from  casks  ioi  which*  molasses,  was  imported,  and  of  the  dif- 
ferent varieties  of  muscavado  and  clayed  sugars,  which  were  col- 
lected by  the  revenue  officers  of  the  ports  of  >  Boston,  New  York, 
Philadelphia,  and  Baltimore,  during  the  months  of  August  aii4 
September,  1845,  and  sent  to  me  for  chemical  examination,  in  con* 
pliance  with  orders  issued  by  the  Treasury  Department;  also,  the 
memorandum  of  the  inspector,  the  external  indications  of  quality^ 
the  data  furnished  by  optical  observation,  and  the  resulting  per 
cent,  of  erystallizable  sugar  for  each  speeimen;  which  together 
constitute  a  complete  description,  and  will  enable  the  importer  to 
recognise  the  article  which  he  may  have  introduced.  The  numbert 
of  the  tables  correspond  with  the  numbers  prefixed  to  each  descrip- 
tive memoratndum. 
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No. 


Molasses  taken  from — 


Consisteiice. 


Per  cent,  of 
eane  augur, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Cienfuegot 

....do 

Trinidad 

. • *.d0i .••••••.• 

Sagtta  la  Grande. 

Nuevitas 

• • • .do. ••«•••••• 

••••do. ••••#•«•• 


.No.  21. 


.No.  23. 
.No.  24. 
.No.  33. 
.No.  36. 
.No.  38. 


Paaiy 

Pasty  and 
Pasty.... 
Granular. 
Pasty  and 
Pasty.... 
Granular, 
do.... 


granular, 
granular. 


.do. 


do 

Porto  Rico. 

....do 

Ponoe. ...... 

Mayaguez.. 

do. 


.No.4K 


Guayama.. 
Nagoabo. . 
St.Ci-oix.. 
....do.... 
Xibara  . . . . 
Homaooa.. 


.No.  42. 

.No.  49. 

.do. 


..No.  58. 
..No.  60. 
..'No.  62. 
..No.  63. 
..No.  68. 
..No.  69. 


Mayaguez No.  50. 


...do 

Pasty  and  granular 

Granular 

Pasty  and 
.. .do.... 
Granular. 
Pasty 


granular. 
• • . .do. • . 


.do. 


Pasty  and  granular. 

Granular 

Pasty 

Pasty  and  j 
.. .do. 


i  granular, 
.do... 


Granular. 
...do.... 
...do.... 
Pasty  and 
Granular. 
Pasty  and 
Granular. 
...do.... 
Pasty.... 


granular, 
granular. 


74.34 

73.90 

78.62 

79.56 

81.58 

74.38 

75.34 

72.20 

81.47 

78.40 

68.59 

77.87 

74.19 

78.54 

i^O.80 

76.16 

76,67 

76.58 

74.17 

73.40 

67.90 

73.97 

80.29 

80.63 

72.83 

93 

72.31 

74.28 

77.23 

75.28 
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New  York 
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...do 

Boston 
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Philadelphia 

Boston 

New  York 

Boston 

Grain.                     Where  from. 
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Havana 
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....do do 
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MOLASSES. 
Molasses  from  Havana. 

1.  Received  from  the  Boston  custom-house,  marked  "  Imported 
inta  the  port  ^f  Boston  and  Charlest'own,  in  the  brig^  Napoleon^ 
from  Havana,  by  Shurtliffe  &  Warren,  September  8,  1845." 

A  dark  colored  molasses,  of  an  acid  taste;  specific  gravity 
=  1.342. 

6  =  0.25;  a   =       21^.9; 

d=  1.073;  a''=  — 6°.7; 

^  =  65^7  F.;  n  =       0.9.   ' 

Per  cent,  of  cant  sugar,  50.78.  ' 

2.  Received   from   the    New    York    custom-house^    and,  marked 
'^^  Cargo  16,  lot  23^ — 23  tierces  and  20  barrels  molasses,  imported  in 

brig  Susan,  from  Havana,  September  18,  1845,  by  John  B.  Lasala 
&  Uo.     No  sediment  in  this  lot." 

A  very  dark  colored,  thin  molasses,  having  a  decidedly  acid  taste. 
Specific  gravity  1.360,  at  67°  F.' 

£  =  0.25;  a   =       22^.3; 

(i=i.072;  a"  =  —  6°. 4; 

f  =54^.2  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  52.84. 

3.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^  Saipple  of  molasses  in  tierces  from  Havana,  per  brig  Samuel  N. 
Gott;  no  mark.  Consigned  to  S.  i/VV.  Welsh,  Philadelphia.  Sep- 
tember 8,  1845;"  .  . 

A  dark  colored  molasses,  charged  with  foreign  matter,  such  as 
sticks,  &c.     Its  specific  gravity  is  1.358,  at  64°  F. 

6  =  0.25;  a   =       2^.6; 

(i=  1.076;  a"=  — 7^2; 

^=64^2F',;     71=       0.9. 

Per  cent,  of  cane  sugar,  63.1.     -' 

4.  Received  from  the  custom-house,  Philadelphia,  and  marked 
^^  Sample  of  molasses  per  the  barque  Louisa,  ffom  Havana,  consigned 
lo  John  F.  Chesson.  There  was  no  sediment  to  be  found  in  the 
hogsheads,  and  no  distinction  mark  upon  the  heading.  Philadel- 
phia, August  18,  1845." 

A  molasses  having  a  very  dajjc  color,  and  a  slight  acid. taste;  ap* 
parently  free  from  foreign  matter.  Its  specific  gravity  is  1.357,  at 
63^6  F. 


e  =  0.25; 

.a   =a       21°.  9; 

d=  1.0792; 

«"=.  — 7M; 

t  =52.5  F.; 

n   =»       0.9. 

Per  cent,  of  cane  sugar^  53.27. 
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5.  Received  from  the  Philadelphia  custom-house^  and  marked 
'^  Sample  of  molasses  in  hogsheads,  from  Havana,  per  the  brig 
Samuel  N.  Gott,  Gray,  master;  no  mark.-  Consigned  to  S.  Sl  W. 
Welsh.     Philadelphia,  September  18,  1845." 

A  rather  dark  colored  molasses,  having  a  slight  acid  taste.  Spe- 
cific gravity  =»  1.348,  at  64°  F. 

e  =  0.25;  .         a   =       23\7; 
d=  1.0712;         a '=  —  7^.5; 
t  =51°. 2  F.;      n  =       0  9. 

Per  cent,  of  cane  sugar,  57.75. 

6.  Received  from  the  Philadelphia  custom*house,  and  marked 
^'Sample  of  molasses  in  hogsbeads,  from  Havana,  per  brig  Caroline, 
Jordan,  master.  Consigned  to  S.  &  W.  Welsh;  no  mark.  August 
27,  1845." 

A  rather  dark  colored,  thick  molasses,  having  a  slight  acid  taste.. 
Specific  gravity  =  1.350,  at  66°. 8  F. 

6  =  0.25;  a    =       22°.9; 

d=  1.084;  a"=  — 8M; 

V,  t  =51°.4  F.;      n   =        0.9. 

Per  cent,  of  cane  sugar,  56.80. 

7.  Received  from  the  New  York  custom-house,  and  marked 
^^  Cargo  15,  lot  22 — ^243  hogsheads  molasses,  imported  in  the  brig 
Susan,  from  Havana,  September  18,  1845,  by  John  B.  La8sala&  Co. 
No  Sediment  in  this  lot. of  molasses." 

A  very  dark  colored,  quite  opaque  molasses,  have  an  acid  taste* 
Specific  gravity  1.348,  at  the  temperature  of  65°  F. 

6  =  0.25;  a    =        20°. 1; 

il=  1.067;  a"=  — 6°.2; 

t  =52°.5  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  48.84. 

Molasses  from  St.  Jago  de  Cuba. 

8.  Received  from  Philadelphia  custom-house.  A  thin,  dark  co- 
lored, sweet,  and^  perfectly  opaque  molasses.  No  sediment  deposit- 
ed in  the  bottle. 

e  =  0.50;  a    ^       5r.4; 

(i=  1.153;  a"  =  r-ir.3; 

t  =  18°  0.;         n    =        0.9.     '. 

Per  cent,  of  cane  sugar,  53.51. 

9.  Received  from  the  Philadelphia  custom-house,  and   mavked 
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'^  Sample  of  molasses,  in  hogsheads,  from  St.  Jago  de  Cuba,  per  the 
brig  Vulture,  Mayo,  master;  mark,'  V.  Consigned  to  Burling  & 
Dixon.     August  28,  1845." 

A  thin  watery  sirup,  having  a  very  acid  taste  and  dark  color; 
abundance  of  foreign  matter,  such  as  chips,  &c.;  a  sediment  de- 
posited in  the  bottle.     Specific  gravity  1.340,  at  66^4  F. 


\o. 


e  =  0.25;  a   = 

d=  1.012',  a"=-7  7^.4;^ 

t  =60°. 8  F.;       n  =        0.9. 

Per  cent,  of  cane  sugar,  59.83. 

10.  Received  from  the  custom>house,  Philadelphia,  and  marked 
'^Sample  of  molasses,  in  hhds.,'  from  St.  Jago  de  Cuba,  per  the 
brig  Vulture,  Mayo,  master;  markefj  V.  Consigned  to  Burling  & 
Dixon.     August  28,  1845." 

.  A  thin,  dark  colored  molasses,  having  a  slightly  acid  taste;  spe- 
cific gravity  1.334,  at  65^.6  F. 

€  =  0.55;  a    =        25"; 

d  =  1.081;  a"=  —  S^; 

t  =41'='  F.;         n    =        0.9.  • 

Per  cent,  of  cane  sugar,  60,49. 

11.  Received  from  the  custom-house,  Boston,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  brig  Jchn^ 
H.  Stevens,  from  St.  Jago  de  Cuba,  by  John  S.  Hill,  September' 
30,  1845."  ' 

A  rather  light-colored  molasses,  of  a  thin  consistency,  and  hav- 
ing a  decidedly  acid  taste  and  odor.     Its  specific  gravity  is  1.350. 

e  =  0.25;  a    =■'     20°. 9; 

d=  1.070;  a"=  — 69.3; 

t  =54^8  F.;     n   =        0.9. 

Per  cent,  of  cane  sugar,  50.33. 

12.  Received  from  the  custom-house,  Boston,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  bri^  Eliza^ 
from  Cuba,  by  John  S.  Harris,  September  13,1845." 

A  rather  dark  colored  molasses,  having  a  slightly  acid-vinous 
taste;  specific  gravity  =  1.378. 

6=5=0.25.  a    =        16^.7; 

d=  1.074;  a"  =  —  7°. 3; 

/  =  58°  F.;         n   =       0,9. 

Per  cent:  of  cane  sugar,  44.58.        ^ 
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Molasses  fr^m  Cienfuegos. 

13.  Received  from,  the  Philadelphia  custom-house.  A  dark 
obaque  molasses,  of  a  very  slightly  acid  taste;  slight  sediment  de* 
posited  in  the  bottle. 

c  =  0.50;  a    —       48°. 2; 

^  =5  <  71=        0.9. 

Per  cent,  of  cane  sugar,  50.99. 

14.  Received  from  the  Boston  custom-house,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  barque  Ly-^ 
sander,  from  Cienfuegos,  by  Benjamin  Burgess  &  Sons,  September 
19,  1845." 

A  deep  brownish  red  molasses,  of  a  slightly  acid  ta«te;  specific 
gravity  1.377. 

6  =  0.25;  a   =        22\8: 

d=  1.075;  a"=  — 7°.8; 

f  =;a58^  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  56.49. 

15.  Received  from  the  custom-house,  Boston,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  in  the  brig  Cor- 
delia, from  Cienfuegos,  by  Benjamin  Burgess  &  Sons,  September 
25,  1845." 

A  rather  light  colored  molasses,  having  a  perfectly  sweet  taste; 
specific  gravity  is  1.376,  at  63^.2  F. 

6  =  0.25;  a    =       21°. 65;     ^ 

-   d=  1.064;  a"  =  —  5^.1;. 

^=  54^.2  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar^  49.56. 

16.  Received  from  the  Boston  custom-house,  and  marked  "Im- 
ported irto  the  port  of  Boston  and  Charlestown,  in  the  brig  Cor- 
delia, from  CienfuegQs,  by  Benjamin  Burgess  &  Sons,  September 
25,  1845." 

A  rather  thick  and  light  colored  molasses;  having  a  vinous  taste; 
specific  gravity  1.429. 

6  =0.25;  a    =        19°. 8; 

ei=  1.066;  a"=  — 6°.3; 

^-c=50\2;  n    =     .  0.9. 

Per  cent,  of  cane  sugar,  49.33. 

17.  Received  from  the  custom-hottte,  Bastoii,  and  ibarked  "lib* 
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Eorted  into  the  port  of  Boston  and   Cbarlestov^n,  in  the  barque 
ysander,  from  Cienfuegos,  by  Benjamin  Burgess  &  Sons,  Septem- 
ber 19,  1845." 

A  rather  ^light  colored  molasses,  of  a  thin  consistence,  and  a 
slightly  acid-yinous  taste;  specific  gravity  1.367,  at  64°. 8  F. 

e  =  0.25;  a   =       23^.9; 

d=  1.074;  a''=  — 7°.2; 

t  =58°  F.;  n  =        0.9. 

Per  cent,  of  cane  sugar,  57.34. 

18.  Received  from  the  custom-house,  Boston,  and  marked  ^^Im- 
ported  into  the  port  of  Boston  and  Charlestown,  August  25,  1845, 
by  Benjamin  Burgess  &  Sons,  in  the  brig  Eljza  Burgess,  from 
Cienfuegos." 

A  light  colored  molasses,  hs^ving  a  vinous  taste;  specific  gravity 
1.369. 

«=s=0.25;  a    =       23°. 8; 

i  d=  1.080;  a"=  — 7^.2; 

r=65S.5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  56.69. 

19.  Received  from  Messrs.  E.  Lincoln  &  Co.,  Philadelphia;  a 
brownish  red. molasses,  having  a  slight  acid  taste. 

6  =  0.50;  a   =  "    52^.4; 

d=  1.1716;         o"=— 12^.5;    . 
t  =  '      n   =       6.9. 

Per  cent,  of  cane  sugar,  54.70. 

^0.  Received  from  the  Philadelphia  custom-house.  A  dark^ 
tolerably  thick  molasses,  having  a  slightly  acid  taste;  a  sediment 
deposited  in  the  bottle. 

e  =  0.50;  a   =       43**; 

d=  1.176;  a'«=—  ir.2; 

t  =  19°  F.;  n   =       0.9. 

Per  cent,  of  cane  sugar,  45.54. 

il.  Received  from  the  Philadelphia  custom-house.  A  darrk,  thick 
molasses,  having  a  very  slightly  acid  taste  an^d  smell;  no  sediment 
in  the  bottle.  / 

e  =  0.60-  a   —       46°. 8; 

d!=  1.155;  a"  =—^2°.  8; 

t  =24°  C;  n    =        0.9. 

Per  cent,  of  cane  sugar,  50.98» 
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Molasses  from  Trinida4  de  Cuba. 

22.  Received  from  the  New  York  custom-house,  and  marked. 
"Cargo  21 J  lot  31 — 233  hhds.  12. tierces  molasses,  imported  in  brig 
Rowena,  from  Trinidad  de  Cuba,  October  2,  1845,  by  Cbasteiain  & 
Ponvert.  It  will  be  found  that  this  sample  varies  in  color  from 
lot  30  (No.  23)  of  the  same  cargo.     No  sediment  in  this." 

A  dark  colored  thick  molasses,  having  a  slightly  acid  taste.  Spe- 
cific gravity,  1.384. 

e  =  0.25;  a    =        19°; 

d=  1.0794^         o'=  — 7^7; 
t  =62^  F.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  49.28. 

23.  Received  from  the  custom-house.  New  York,  and  marked 
"Cargo  21,  lot  30,  233  hhds.  12  tierces  molasses,  imported  in  brig 
Rowena,  from  Trinidad  de  Cuba,  October  2,  1845,  by  Cbasteiain  & 
Ponvert.     Sediment  No.  3  is  from  this  molasses.^' 

This  molasses  is  of  a  deep  brownish  red  by  transmitted  light, 
and  has  a  slight  acid  taste!     Specific  gravity  1.362,  at  59®  F. 

6  =  0.25;  a    =        20^.9; 

d=  1.066;  a"=  — 6°.7; 

t  =62^5  F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  51.31. 

24.  Re&eived  from  the  custom-bouse,  Philadelphia,  and  marked 
1^  Sample  of  molasses  in  tierces,  from  Trinidad,  per  schoonejr  Fash- 
ion: marked  S  F,  and  consigned  to  S.  &  W.  Welsh,  Philadelphia. 
August  25,  1845." 

A  dark  colored  molasses,  of  a  rather  thin  consistency,  and  hav- 
ing a  peculiar  vinous  taste.    Its  specific  gravity  is  1.3615,  at  65°. 6  F, 

€=s=0.25;  a    =        22^.2; 

d=  1.074;  a"  =^  —  6^.7; 

^=61^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  53.26. 

25.  Received  from  the  custom-house,  Boston,  and' marked  '^Im- 
ported into  the  district  of  Boston  and  Charlestown,.  in  the  barque 
Franklin,  by  Benjamin  Burgess  &  Sons,  from  Trinidad,  October  11, 
1845." 

A  dark  colored  molasses,  having  a  perfectly  swe^t  taste.  Specific 
gravity  1.360,  at  52^  F.  ,    . 

€=r0.25;   '   o  =   20^.1. 
il=  1.065;     a"  =  —  5^,9; 
t^  55^.6  F.;  »  =   0.9. 

Per  cent,  of  cane  sugar,  48.30. 
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26.  Received  from  the  Boston  custom-house,  and  marked  ^^  Im- 
ported into  the  port  ef  Boston  and  Charlestown,  in  the  brigf  Smyrna, 
from  Trinidad  de  Cuba,  by  Philo  S.  Shelton,  September  30,  1845.'^ 

A  tolerably  light  colored  molasses,  huving  a  decidedly  acid  taste. 
Specific  gravity  1.349,  at  62^.5  F.  ' 

/ 

6  =  0.26;  a    =        21^.2; 

d=  1.349;  o"  =  — 4'=^.?; 

t  =49^.8;  n    =       0.9. 

Per  cent,  of  cane  sugar,  47.69. 

Molasses  from  Matanzas, 

27.  Rece'ved  from  the  Philadelphia  custom-house,  and  marked 
^^  Sample  of  molasses  in  hhds.,  from  Matanzas,  per  the  barque 
Levant,  H.  — : ^,  master.  Consigned  to  George  R.  Ayres.  Sep- 
tember 2,  1845." 

A  dark  colored  molasses,  having  an- acid  taste,  and  containing  an 
abundance  of  foreign  matter.    Specific  gravity  1 .  3576,  at  65° .  3  F. 

e^O.25,'  a   =        22^.2; 

d=  1.0759;        a"=i  — 7«'.4; 
t  =66^  F.;         n   ;=       0.9. 

Per  cent,  of  cane  sugar,  54.56. 

28.  Received  from  the  Philadelphia  custom  house,  and  marked 
^^ Sample  of  molasses,  in  hhds.,  per  the  barque  Levant,  f(om  Man- 
tanzas.  Consigned  to  George  R.  Ayfes;  no  mark.  Philadelphia, 
September  3,  1845." 

A  dark  colored  molasses,  with  a  slightly  acid  taste,  and  tolerably 
free  from  foreign  matter.     Specific  gravity  1.3545,  at  64^.6  F. 

6  =  0.25;  a    =        21«'; 

4=1.0714;         a'.=  — 6^.7; 
^=55^.5  F.;     n   =       0.9, 

Per  cent,  of  ca^ne  sugar,  51.24. 

Molasses  from  Cardenas. 

29.  Received  from  the  custom  house  at  New  York,  and  marked 
*^ Cargo  23,  lot  33—49  casks  molasses,  impbrted  from  Cardenas, 
October  14,  1845,  by  John  B.  Lasala  &  Co.  No  sediment  in  this 
lot.'^ 

A  molasses  of  a  rather  thin  consistence,  and  dark  color,  having 
a  decidedly  acid  taste;  specific  gravity  1.357. 

6  =  0.25;  a    =        20^; 

d=  1.072;  a"=  — 6«^; 

t  =57^.5j  n  =       0.9. 

Per  cent,  of  cane  sugar,  48. 
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30.  Received  fron  the  custom-house,  Boston,  and  marked  ^^Im- 
ported  into  the  port  of  Boston  and  Charlestown,  in  the  brig  Casilda, 
from  Cardenas,  Cuba,  by  C.  B.  Fessenden,  September  4,  1845.," 

A  dark  colored  molasses,  of  a  rather  thick  consistence,  and  a 
slightly  burnt  and  acid  taste;  specific  gravity  1.363,  at  66^*  F. 

6  =  0.26',  a   =       21^.7; 

d=  1.068;  a"*=  — 6^.6; 

f  =66^.3  F.;     n   =        0.9. 

Per  cent,  of  cane  sugar,  52.47. 

Molasses  from  Sagua  la  Grande. 

31.  Received  from  the  custom-house,  Boston,  and  marked  **Im- 
ported  into  ^he  port  of  Boston  and  Charlestown,  in  the  brig  Ha- 
vana, from  Sagua  la  Grande,  by  Philo  S.  Shelton,  September  2, 
1845." 

A  molasses  of  a  dark  color,  and  thin  consistency,  with  a  peculiar 
vinous  taste;  specific  gravity  1.342,  at  65^  F. 

6  =  0.25;  a    =        20^.1; 

d=  1.062;  a"  ==  —  5^.8; 

t  =62^.5  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  48,58. 

32.  Received  from  the  custom-bouse,  Boston,  and  marked  ^'Im- 
ported into  the^port  of  Boston  and  Charlestown,  in  the  brig  Ha- 
vana, from  Sagua  la  Grande,  by  Daniel  Deshon,  September  2,  1845.'^ 

A  very  bjack  molasses,  having  a  very  sour  taste  and  odor;  spe- 
cific gravity  1.351,  at  55^.4  F. 

6  =  0.25;  a    =         19^.1; 

d=  1.063;  a"  =  —  5^; 

r        .    ^  =  59*^.3;  n    =       0.9. 

Per  cent,  of  cane  sugar,  44.78. 

< 

33.  Received  from  the  Baltimore  custom'*hous6,  and  marked 
^'Gauged  from  on  board  sloop  Herald,  John  Reynolds,  Sagua  la 
Grande;  consigned  to  Lambert  Gittings;  weight  per  gallon,  11 
lbs.  1  02.  August  19,  1845." 

A  deep  brownish  red  molasses,  having  a  peculiar  vinous  and 
bitter  taste;  specific  gravity  1,346,  at  67^.5  F. 

6=0.25;  a    =       22«.3; 

d=  1.073;  a'' =  —  7^.7; 

r=  70=^.4  F.;     n  =        0.9. 

Per  cent,  of  cane  sugar,  55.47. 
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Molasses  from  San  Juan  de  los  Remedios. 

34.  ^Received  from  the  custom-house,  Boston,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  by  Atkins  Free- 
man, in  the  schooner  Bounty,  from  San  Juan  de  los  Remedios^ 
August  23,  1845." 

A  rather  light  colored  molasses,  having  a  peculiar  vinous  taste; 
specific  gravity  1.354,  at  55^  F. 

e  =  0.25;  a  =       22°.5; 

d=  1.081;  a"=  — 7°.2; 

t  =56°. 4  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  54.46. 

Molasses  from  Mariel. 

35.  Received  from  the  Boston  custom-house,  and  marked  "Im- 
ported into  the  port  of  Boston  and  Charlestown,  by  J.  S.  Harris,  ia 
the  brig  Rival,  from  Mariel,  Cuba,  August  28,  1845." 

A  very  dark  colored,  rather  thick  molasses,  having  a  decidedly 
acid  taste;  specific  gravity  1.369,  at  54°  F. 

€  =  0.25;  a   =        22°. 4; 

d=  1.064;  a''  =  — 7^2; 

^=65^7  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  55.14. 

Molasses  from  Jfuevitas, 

• 

36.  Received  from  the  custom-house,  New  York^  and  marked 
"Carg;o  19,  lot  27 — 83  casks  molasses,  marked  B.  Imported  in 
brig  Demarara,  from  Nuevitas,  Cuba,  September  22,  1845,  by  Holt 
&  Owen.     Sediment  No.  6  is  from  this  molasses." 

A  light  colored  mplasses,  having  a  very  slightly  acid  taste;  spe- 
cific gravity  1.363,  at  65°. 6  F. 

e  =  0.25;  a    =       23°. 1; 

d=  1.076;  a"=  — 7°.4; 

r  =  53°F.;  n  =        0.9. 

Per  cent,  of  cane  sugar,  66.19. 

37.  Received  from  New  York  custom-house,  and  marked/^64 
hhds.  molasses,  marked  ARy  C'*. .  Imported  in  brig  Brothers^  from 
Neiivitas,  by  Holt  &  Owen,'September  6,  1845.  Nuevitas  and  St, 
Croix  are  considered  the  best  molasses  imported,  and  bring  the 
highest  price." 

Specific  gravity  1.336,  at  64^  F. 

.       e  =  0.25;  b    =       27*^.3; 

d:=  1.073,  a"=       5^.6; 

^  =  67^.5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  60.31. 


/ 


331  [  50  ] 

38.  Received  from  the  New  York  custom-house,  'and  marked 
"  Cargo  19j  lot  98—7  casks  molasses,  marked  FE.  Imported  in 
brig  Demarara,  from  Nuevitas,  Cuba,  September  22,  1845,  by  Holt 
&  Owen." 

A  light  colored,  sweet  molasses — rather  thin  for  Nuevitas.  Speci- 
fic gravity  1.337,  at  68^3  F. 


6  =  0.25;  a    =        24°. 6; 

d=  1.086;  a"=  — 7^.6; 

t  =70°.5  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  59.71. 

39.  Received  from  the  New  York  custom-house,  and  marked  "  77 
casks  molasses,  marked  JG,  imported  in  brig  Brothers  from  Nuevi- 
tas, September  6,  1845,  by  Brett  &  Vose.  Nuevitas  brings  the 
highest  price  in  this  naarket." 

Specific  gravity  1.368,  at  64°. 6  F. 

e  =  0.25;  a    ==       20^4; 

ci=  1.086;  a"=  — 5°.4; 

t  =63°.  F.;        n  =       0.9. 

Per  cent,  of  cane  sugar,  46.81. 

Porto  Rico  molasses, 

< 

40.  Received  from  the  New  York  custom-house,  and  marked  ^^  163 
casks  molasses,  in^ported  September  2,  1845,  in  brig  Aldrich,  from 
Porto  Rico,  by  Chastelain  &  Ponvert.     No  sediment  in  this  lot." 

A  reddish  brown,  perfectly  sweet  molasses;  specific  gravity  1.365, 
at  65°. 6  F. 

6  =  0.26;  a   =        21°. 4; 

d^  1.077;  fl"=— 7°.4; 

^=44°. 7;  n    =       0.9. 

Per  cent,  of  can«  sugar,  63.07. 

41.  Received  from  the  New  York  custom-house,  and  marked  ^^44 
casks  Porto  Rico  molasses,  imported  September  6,  1845,  in  brig 
Wallace,  from  Guayama,  P.  R.,  by  G.  Wheelwright." 

A  rather  dark  colored  molasses,  having  a  islightly  acid  taste  ; 
specific  gravity  1.8695,  at  66°. 2  F. 

6  =  0.25;  a    =        21°.2; 

d=  1.081;  a"=  — 7°.2; 

/  =56°  F.;         n  s=       0.9. 

Per  cent,  of  cane  sugar,  51.5. 


£50]  332 

•  Molasses  from  Ponces  P»  R. 

42.  Received  from  the  New  York  custom-house,  and  marked  "29 
casks  molasses,  permitted  without  mark,  imported  A^ugust  6,  1845, 
in  brig  Overman,  from  Ponce,  P.  R.,  by  P.  Harmony,  Nephews  & 
Co.     Very  little  fermentatioQ  in  this  molasses." 

Specific  gravity  1.377,  at  64\7  F. 

e  =  0.25;  a   =       22^7; 

d=  1.081;  a"=  — 7\6; 

t  =47°. 5  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  55.60. 

43.  Received  from  the  Philadelphia  custom-house,  and  marked 
^*  Sample  of  molasses  in  puncheons,  per  brig  Sydney,  from  Ponce, 
P.  R.,  consigned  to  Soutter  and  Broughton,  Philadelphia,  Septem- 
ber iO,  1845." 

A  light  colored  molasses,  having  a  heavy  setliment  in  the  bottom 
of  the  bottle,  and  a  peculiar  vinous  or  alcoholic  taste;  specific 
gravity  1.358,  at  6P  F. 

e  =  0.25;  a    =s        26^.9; 

d=  1.087;.         a''=s_7^35 
t  =60^5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  62.14. 

44.  Received  from  the  custom  house  Philadelphia,  and  marrked 
^^  Sample  of  molasses  in  hogsheads,  imported  in  the  schooner 
Caroline,  from  Ponce,  P.  R.,  consigned  to  William  S.  Boyd,  Phila- 
delphia, September  2,  1845." 

A  molasses  having  a  dark  brownish  red  color,  slightly  acid  taste, 
and  a  rather  heavy  sediment  in  the  bottle;  speciQc  gravity  1.374, 
at  66°. 9  F. 

e  =  0.25;  a   =«       24°. 1; 

d==  1.077^  a"=s  — 7\7;-        ' 

^  =  61°. 2;  n  =       0.9. 

Per  cent,  of  cane  sugar,  58.52. 

45.  Received  from  the  Baltimore  custom-house,  and  marked 
"Gauged  from  on, board  schooner  William  — ■ — —,  Captain  Shaw, 
Ponce,  P.  R.  Consigned  to  Withington  &  Eastman.  Weight  per 
gallon  11^  lbs. 

A  dark  colored  thin  molasses,  having  a  slightly  acid  taste  and 
small.     Specific  gravity  1.371. 

6  =  0,25;  a   =       25°.3; 

(i=*1.080;  a"=«  — 7^8; 

t  =6r.4  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  60.73.. 
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46.  Received  from  the  Baltimore  custom-bousej  and  marked 
"Gauged  from  on  board  brig  Francis,  from  Ponce,  P.  R.  Con- 
signed to  Kirkland  &  Chace.  Weight  per  gallon  11  lbs.  August, 
1845." 

A  rather  light  colored  thick  molasses,  havir.g  a  slightly  rinous 
taste.     Specific  gravity  1.376,  at  66^.5  F. 

e  =  0.25;  a   =       19^.5^ 

(1=1.069;  a"  =  —  6°. 8; 

t  =64°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  48.84. 

47.  Received  from  the  custom-house.  New  York,  and  marked 
^^  Cargo  3,  lot  5 — 30  casks  molasses,  marked  B.  Imported  August 
20,  1846,  in  brig  Cordelia,  from  Ponce,  P.  R.,by  H.  Southmayd  & 
Son.  Sediment  No.  —  was  taken  from  the  same  casks  in  a  quiet 
state." 

It  has  a  bitter  taste,  and  rather  thin  consistence;  red  color  by 
transmitted  light.     Specific  gravity  1.354. 

«  =  0.25;  a    ==        19°.6; 

d=  1.060;  a"  =  — 5^a; 

t  =  69^  F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  46.55. 

Molasses  from  MayagueZj  P,  R. 

48.  Received  from  the  New  York  custom-house,  and  marked  *^70 
casks  molasses,  imported  in  brig  Port  Leon,  from  Mayagu^z,  P.R.> 
September  22^  1845.     No  sediment  in  this  lot." 

Specific  gravity  1.3716,  at  66^.9  F. 

e  =  0.25;  a   =        24M; 

d=  1.083;  a"  =  —6°. 2; 

^=47°. 7  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  55.24. 

49.  Received  from  the  New  York  custom-house,  and  marked  "267 
puncheons  molasses,  imported  in  schooner  Mars,  Hill,  master,  from 
Mayaguez,  P.  R.,  by  J.  W.  Culbert.     September  15,  1845." 

A  light  colored  molasses,  having  a  peculiar  vinous  taste.  Specific 
gravity  1.366,  at  66^.1  F. 

6  =  0.25;  a   =        22°. 8; 

d=  1.081;  a"=  — 7^8J 

^  =  66°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  54.91. 
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50.  Received  from  the,  New  York  custom-house,  and  marked 
*<  Cargo  10,  lot  15 — 123  casks- molasses,  marked  ^  Latimer j  Fernan* 
dez  ^  Co. J  iMayaguez^  P/ U.'  Imported  in  schooner  Tuscarora, 
September  8,  1845,  by  Mason  &  Thompson.  Sediment  No.  26  is 
from  the  same  casks." 

A  very  light  colored  and  perfectly  sweet  molasses,  with  a  copi- 
ous sediment  in  the  bottom  of  the  bottle.  Specific  gravity  1.362, 
at  66^  F. 

c  =  0.25;  a   =       22^.3; 

d=1.0749i         a"  =  —  6°. 7; 
t  =  60°. 5;  n    =?       0.9. 

Per  cent,  of  cane  sugar,  53.41. 

'61.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^  Sample  of  molasses  per  schooner  Nonpareil,  from  Mayaguez,  con- 
signed to  Mason  and  Kirkland;  marked  0.     18  puncheons." 

A  dark  colored  molasses,  with  an  abundance  of  foreign  matter  in 
it.     Specific  gravity  1.3595,  at  64^.5  F. 

c  =  0.25;  a    =       21^.55 

(1=1.0786;         a"  =  —6°; 
f  =  60°.7  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  50.38. 

52.  Received  from  the  custom-house,  Boston,  and  marked  ^^  Im- 
ported into  the  port  of  Boston  and  Charlestown^  iy  Crocker  &  Stur- 
gis,  in. the  barque  Archelaus,  from  Mayaguez,  August  28,  1845." 

A  rather  light  colored  molasses,  of  a  thin  consistence,  and  a  very 
slightly  acid  taste.     Specific  gravity  1.3485,  at  56^.8  F. 

6  =  0.25;  a    =        23°. 7; 

d=  1.073;  a''=~  7°.2; 

^=56°  F.;  n   =       X).9. 

Per  cent,  of  cane  sugar,  57. 

53.  Received  from  the  custom-house,  Baltimere,  and  marked 
*' Gauged  from  on  board  schooner  Gallajnt  Mary,  from  Mayaguez, 
consigned  to  Kirkland  &  Chace.  Weight  per  gallon  11  lbs.  6  oz. 
August  27,  1845."  .  , 

A  very  light  colored  molasses,  having  a  tolerably  thick  censis- 
'tency,  and  a  slightly  acid  taste.  Specific  gravity  1.370,' at  70^.8  F. 

e  =  0.25;  a   =        23°; 

d=1.0'/2;       .    a"=  — 7^4; 
^  =  54°.8F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  56.20.  • 
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54.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^  Sample  of  faiolasses,  per  schooner  Nonpareil,  from  Mayaguez, 
consigned  to  Mason  &  Kirkland;  marked  P.  R.     42  puncheons." 

A  thin,  watery,  and  rather  dark  colored  molasses,  with  an  abun^ 
dance  of  chips  and  foreign  matter  in  it;  taste  entirely  sweet.  Spe- 
cific gravity  1.3447,  at  63°  F. 

6  =  0.25;  a    =        2^.7; 

d=  1.076;  a '=  —  6^3; 

^==:62°F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  49.47. 

MolcLsses  from  Guayama^  P.  R. 

55.  Received  from  the  New  York  custom-house,  and  marked 
^^  161  casks  molasses,  permitted  without  mark,  imported  in  schboner 
Thames,  from  Guayama,  P.  R.,  by  Chastelain  &  Ponvert.  This 
sample  was  taken  when  in  a  state  of  fermentation." 

A  dark  colored  molasses,  having  a  very  acid  smell  dnd  taste. 
Specific  gravity  1.354,  at  63^.8  F. 

e  =  0.25;  a   =       25^.8; 

(f=  1.0997;         a''=  — 7^.1; 
f  =  57^;  n  =       0.9. 

Per  cent,  of  cane  sugar,  60.33. 

56.  Received  from*  the  New  York  custom*house,  and  marked 
^^161  casks  molasses,  permitte^d  without  mark,  imported  in  schooner 
Thames,  from  Guayama,  P.  R.,  by  Chastelain  &  Ponvert.  This 
sample  was  taken  in  a  quiet  state,  after  standing  24  hours." 

A  quite  light  colored  molasses,  having  a  slight  bitter  taste.  Spe- 
cific gravity  1.376,  at  66^.8  F. 

6  =  0.25;  a    =       24*^.2; 

^d=  1.083;  a"  =  — 9<^; 

^  =  64^.5  F.;      n  =        0.9. 

Per  cent,  of  can6  sugar,  60.95. 

57.  Received  from  the  New  York  custom-bouse,  and  marked  '^  73 
casks  molasses:  no  mark.  Imported  in  brig  Ansonia,  from  Guay- 
ama, P.  R.,  September  6,  1845,  by  Chastelain  and  Ponvert." 

A  dark  colored  molasses,  having  a  slightly  acid  taste;  specific 
gravity  1.361,  at  55*=^. 5  F. 

6  =  0.25;  a    =       21^.7; 

d=  1.079;  a'' =  —  7^.8; 

^  =  62^,3  F.;      n   =       0.9.    . 

Per  cent,  of  cane  sugar,  54.30. 
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57.  Received  from  the  New  York  custom-house,  and  marked 
"Cargo  4,  lot  6 — 172  casks  molasses,  marked  AF,  Fantanzza.  Im- 
ported August  28,  1845,  in  brig  Russia,  from  Guayama,  P.  R.,  by 
J.  B.  Lasala  &  Co.     Sediment  No.  16  is  from  the  sam^  casks." 

A  slight  fermentation  has  taken  place;  the  odor  from  the  bottle 
is  quite  sour,  and  the  taste  decidedly  acid;  the  consistence  is  rather 
thin;  specific  gravity  1.362,  at  66^.4  F. 

€  =  0.25;  a   =       22».3; 

d=  1.079;  a"=  — 7^: 

^  =  40^F.;  n   =       0.9. 

Per  cent,  of  cane  sugar,  53.82. 

59.  Molasses  from  Arecibo,  P.  R.  Received  from  the  custom- 
house, Baltimore,  and  marked  "Gauged  from  on  board  brig  Com- 
merce, Captain  W^  B.  Blanchard,  from  Arecibo;  consigned  to  W. 
Howell  &  Son,  12th  September,  1845." 

A  rather  light  colored  molasses,  having  a  vinous  taste;  specific 
gravity  1.376,  at  70»F. 

6  =  0.25;  a    =        19^.9; 

d=  1.074;  a"  =  — 6°.6; 

^  =  55^.6  F.;      n   =        9.9. 

Per  cent,  of  cane  sugar,  48.93. 

60.  Molasses  from  Naguabo,  P.  R.  Received  from  the  New 
York  custom-house,  and  marked  ^'56  hhds.  molasses,  imported  in 
brig  Sabine,  from  Naguabo,  P.  R.,  September  24,  1845,  by  John  B. 
Lasala  &.  Co.'' 

A  thin  light  colored  molasses,  having  a  perfectly  sweet  taste: 
specific  gravity  1.367,  at  58^6  F. 

«  =  0.25;  a   =        22^; 

d=  1.082;  o''=  — 8^.4;    . 

t=:  60°. 5;  n  —       0.9. 

Per  cent,  of  cane  sugar,  55.89. 

61.  Molasses  from  Surinam.  Received  from  the  custom-house^ 
Boston,  aad  marked  ^4mported  into  the  port  of  Boston  and  Charles- 
town,  in  the  brig  Massasoit,  from  Surinam,  by  D.  &  F.  Mickerson, 
August  29,  1845." 

A  dark  colored  molasses,  of  a  thin  consistence,  and  acid  taste 
and  odor)  specific  gravity  1.3375,.at  55°. 8  F. 

e  =  0.25;  a   =       20°. 9; 

d=:  1.076;  a"  =  —6°. 6; 

t  =  b2\5  F.;      n  =       0.9. 

Per  cent^  of  cane  sugar,  50.66. 
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62.  Molasses  from  St.  Croix.  Received  from  the  New  York  cvs- 
tom-house,  and  marked  ^'  190  t^asks  of  roolasseS)  marked  AC,  iii^- 
portqd  in  barque  Isabella,  from  St.  Croix^  September  4,  by  AIsop 
&  Chauncey." 

A  Ii|;ht  colored|poIa8seS|  baying  a  very  slight  acid  taste;  fer- 
mentation has  takft  place;  specific  gravity  1.376,  at  60®  F. 

e=»0.25;  a   =       21°.9; 

d=  1.0798;         a"=  — 8^6; 
^  =  50*. 5  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  56.24. 

63.  Molasses  from  St.  Croix.  Received  from  the  custom»house| 
New  York,  and  marked  "Cargo  17,  lot  25 — 30  casks  molasset| 
marked  [B.]  Imported  in  the  schooner  Empire,  from  St.  Croix, 
September  23,  1845,  by  B.  De  Forrest  &  Co.  Sediment  No.  19  is 
from  this  molasses." 

A  light  colored  molasses,  of  a  rather  thin  consistence,  and  a 
sweet  taste;  specific  gravity  1.340,  at  66^  F. 

e:=0.25;  a   =       20«>.8; 

d=  1.072;  a"  =  —  7^.1; 

t  =66^.8  F;       n  =       0.9. 

Per  cent,  of  cane  sugar,  51.65.  ' 

64.  Molasses  from  St.  Thomas.  Received  from  the  custom- 
house, Boston,  and  marked  "Imported  into  the  port  of  Boston  and 
Charlestown,  in  the  schooner  Sarah  Elizabeth,  from  St.  Thomas, 
by  J.  H.  Hicks  &  Co.,  October  6,  1846.'' 

A  light  colored  thick  molasses,  having  a  sweet  taste;  specific 
gravity  1.378,  at  51^  F. 

«=0.25;  a    ==;       24^.7: 

d=  1.074;  a"=~7«>.l; 

t  =60^.5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  58.54. 

65.  Molasses  from  St.  Thom  s.  Received  from  Baltimore  cus- 
tom-house, and  marked  ^'Gauged  from  on  board  schooner  Comet, 
Captain  Bioney,  from  St.  Thomas,  consigned  to  Johnson  &  Tra- 
verse; weight  per  gallon,  11  pounds  2  ounces;  August  23,  1845.'' 

A  rather  dark  colored  molasses,  having  a  vinous  taste;  specific 
gravity  1.355,  at  70^.8  F. 

6  =  0.25;  a   =       23<>.8; 

rf=  1.064;  a"=  — 6«^.8; 

/=67^  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  75.97. 
22 
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€6.  Molasses  from  St.  John's.  Received  from  the  custom-hous^i 
SostoDy  and  marked  ^^  Imported  into  the  port  of  Boston  and 
Charlestown,  August  19,  1845,  by  Judson  Andrews  &  Co.,  in  the 
schooner  Willis  Putnam,  from  St.  John's,  P.  R." 

A  thick  dark  colored  molasses,  having  a  sl||htly  vinous  taste; 
specific  gravity  1.357,  at  55^.6  F. 

«==:0.26;  a   =       21«^.6; 

d=  1.076;  a"=  — 6^.9; 

f  =64^.2  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  52.49. 

C7.  Molasses  from  St.  John's.  Received  from  the  custom-house, 
Boston,  and  marked  *^ Imported  into  the  district  of  Boston  and 
Charlestown,  in  the  Brig  Lucy  Ellen,  from  St.  John's,  N.  B.,  by 
Samuel  Cliland,  October  11,  1845." 

A  black  colored  molasses,  of  a  thin  consistence,  and  a  vinous 
taste;  specific  gravity  1.353,  at  55^.5  F. 


«  =  0.25; 

o   =       210; 

i=1.073j 

a"=_6»  2; 

<==52«'.5F.: 

n   =       0.9. 

Per  cent,  of  cane  sugar,  50.17- 

68.  Molasses  from  Xibara.  Received  from  the  custom-house, 
]fcw  York,  and  marked  '^219  casks  molasses,  imported  in  schooner 
Hope,  from  Xibara,  October  11,  1845,  by  Danjiel  Curtis,  jr." 

A  light  colored  molasses,  having  a  sweet  taste.  A  slight  fermen* 
Mion  has  taken  place.     Specific  gravity  1.369,  at  64^. §  F. 

€  =  0.25;  a   =       21«>.7; 

d=  1.083;  a"=  — 9^.2; 

t  =  n   =       0.9. 

Per  cent,  of  cane  sugar,  56.89. 

69.  Molasses  from  Humacoa.  Received  from  the  New  York  cus- 
fomhouse,  and  marked  ^'221  casks  molasses,  imported  in  brig  Will, 
from  Humacoa,  P.  R.,  September  20,  1845,  by  J.  B.  Lasala  &  Co." 

A  light  colored  molasses,  having  a  perfectly  sweet  taste;  specific 
gravity  1.372,  at  59^  F. 

e  =  0.25;  a   =       24^.2; 

iJ=  1.076;  a'  =  —  8°. 4; 

/=  53^.4  F.;      n  =       0,9. 

Per  eent.  of  cane  sugar,  50.13. 

70.  Miel  de  purga.  Clayed  molasses  brought  from  the  Saratoga 
estate,  Cuba,  and  analyzed  in  Philadelphia. 


33SI  [  50  } 

A  rather  dark  colored  and  thick  molasses,  having  a  slightlj  acid 
taste;  specific  gravity  1.361. 

«=:0.26;  a   =       20^.3; 

d=s  1.062;  «"==  — e*>.26: 

f  =s70^F.;        n   =       0.9. 

Per  cent,  of  cane  augari  49.50. 

71.  Miel  de  descarga.     From  the  Saratoga  estate. 

A  rather  light   colored  molasses,  of  ordinary  consistency,  and 
haying  a  slightly  acid  vinous  taste;  specific  gravity  1.340. 


•  sO.35; 

•  a   «       21®. 

<I»  1.0607; 

o"=  — 6®; 

t  =  70*»  F.J 

n   »       0.9. 

Per  cent,  of  cane  sagar,  50.68. 

72.  Kew  Orleans  plantation  molasses.     Obtained  in  Louisiana. 

A  molasses  of  ordinary  consistency,  having  a  slightly  acid  taste, 
and  rather  dark  color*  When  poured,  a  foam  formed  on  the  sur- 
face.    Specific  gravity  1.352,  at  81^.7  F. 

The  extractive  matter  was  precipitated  by  sub-acetate  of  lead, 
and  the  solution  filtered  through  boneblack. 

«=»0.25;  ^=       22.07; 

d=  1.0707;         a"  =  —  6^.2; 
f  =  71^.6;  %   =a       0.9. 

Per  cent,  of  cane  sugar,  53.18. 

73.  Sugar-bouse  molasses,  Philadelphia.     From  a  grocer. 

A  dark,  thick  molasses,  having  a  decidedly  burnt  taste  and  odor; 
specific  gravity  1.495. 

«  =  0.50;  a   s=a       37^.3; 

cl=  1.171;  a"=  — 9^; 

t^  n  =       0.8. 

Per  cent,  of  cane  sugar,  40.03. 

74.  New  Orleans  sugar-honse  molasses. 

A  rather  dark  colored  and  very  thick  molasses,  having  a  very 
distinct  burnt  taste  and  odor;  slightly  translucent;  specific  gravity 
1.4002,  at  81«  F. 

e  =  0.25;  a    =18^.8; 

d=«  1.073;  a"=»4«.8; 

^  =  80^F.;        »   =0  9. 

Per  cent,  of  cane  sugar,  43.53. 
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75.  Sirup  df  batteriey  or  meludo.  Brought  from  tbe  Ingenio  Smr^ 
atoga^  Cuba. 

Specific  gravity  1.337,  at  84^.8  F. 

e=*0.26;  a   =       35^.2: 

(i=  1.056;  a"  =5— 7^4; 

^  =  82^.5  F.;    n  «=       0,9. 

Per  cent,  of  cane  sugar,  60.57. 

76.  Lovering's  sirup}  drippiogs  from  loaves;  PLUajeip^kia. 

A  light  reddish  yellow,  almost  transparent  sirup;  specific  gravity^ 
1.3.     A  perfectly  white  sugar  had  settled  in  the  bottle. 

e  =  0.50;  a   =       55^,5; 

•rf«=  1.1601;         a"  =  —  14^.7; 
f  =  «   s=       0.9. 

Per  cent,  of  cane  sugar,  59.76. 

77.  Lovering's  second  quality  sirup,  Philadelphia. 

A  cherry  red,  translucent  sirup,  having  a  very  slight  burnt  taste 
and  odor.     Specific  gravity,  1.4. 

€  =  0.50;  a  =       43**.4; 

d=  1.168;  fl"  =  — 9.8; 

/  S=S  »    =B        0.9. 

Per  cent,  of  cane  sugar,  44.86. 

MOtASSES  SEDIMENTS. 

1.  Sediment  from  molasses.  No.  21.  Received  from  the  New  York 
custom-house. 

The  supernatant  molasses  quite  acid,  and  the  sediment  fine 
grained  and  somewhat  pasty;  the  taste  acid,  apparently  in  conse* 
quence  of  the  intermixed  molasses. 

«  =  0.25;  a   =:       32^; 

d=  1.090;  a"  =  — 9^; 

/  =21®. 6  C;     n   =       0.9. 

Per  cent,  of  cane  sugar,  74.34. 

2.  Sediment  from  Cienfuegos  molasses.  Received  from  the  Phil- 
adelphia custom-house. 

A  brownish  yellow  sediment,  having  a  slightly  acid  odor,  and 
partly  pasty,  partly  granular;  gritty  between  the  fingers. 

e  =  0.25;  a   =       3P.2; 

d=  1.0878;  a"  =  — 9^.4; 

t  =  iy.6  C;  n   =       0.9. 
Per  cent,  of  cane  sugar  73.90. 

3.  Sediment  from  Trinids^d  de  Cuba  molasses^  No.  23.    A  light 
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yellow,  almost  entlrelj  pasty  mass,  hating  no  perceptible  grit  be- 
tween the  fingers  or  teeth. 

6  =  0.25;  a    =       33^.2; 

d  =1.08665         o":^— 10*»; 
^  =  71^F.;        n   =      0.9. 
Per  cent,  of  cane  sugar,  78.62. 

4.  Sediment  flrom  molasseciy  No.  2i. 

The  supernatant  molasses  unusually  thin  and  watery;  the  sedi- 
ment of  it^dlf  dark  colored/of  a  gritty  and  coarse  grain,  and  to  the 
taste  slightly  acid*.  • 

e  =  0.25;        ,     a   =       35®; 
A  =«  1.0925;         a"=;— 9«>i 
^x=r  19^.25  C;   n   =^      0.9. 

Per  cent,  of  cane  iftugar,  79.56. 

5.  Sediment  from  molasses  (No.  33)  from  Sagua  la  Grande. 

The  exposed  surface  of  this  sediment  was  dark  colored,  hard,  and 
dry.  It  WAS  removed,  and  the  analysis  made  of  the  interior,  which 
was  light  colored  and  dryer  than  the  other  sediments  analyzed. 

€  =  0.25;  a   =       33^.15; 

d=:  1.0982;         a''=a—  11<>.96; 
.',  ^  =  55^.4C.;     n   =      0.9. 

Pet  cent,  of  cane  sugar,  81.58* 

6.  Sediment  from  molas&es.  No.  36. 

A  light  colored  and  apparently  three-fourths  pasty  mass;  the 
Bnpernatant  molasses  entirely  sweet. 

e  =  0.25;  a   =      31o.8. 

d=  1.085;  a''=— 9<5. 

f  =  83^.5  F.;     n   ==»       0.9. 

Per  cent,  of  cane  SQgar  74.83. 

7.  Sediment  from  molasse8:(No.  38)  from  Nueritas. 

A  dark  colored  dirty  mass;  three  fourths  gcanular,  and  of  good 
grain;  crystals  of  sugar  occurring  here  and  there  in  the  mass. 
e«:0.26;  a   «=       32^2; 

d=  1.0836;         a"  =5— 9^.1; 
t  —  89^F.;  n   =       0.9, 

Per  cent,  of  cane  sugar ,75. 34. 

8.  Sediment  from  Nuevitas  molasses. 

A  dark  colored  sediment,  entirely  granular,  and  of  a  very  good 
grain;  gritty  between  the  teeth. 
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e  =  0.25;  a   =       29^,6; 

d  =  1.0886;        a"=:_10^. 
t  =20^  C;        n   —       0.9. 

Per  cent,  of  cane  sugar,  72.20. 

9.  Sediment  from  Nueritas  molasses. 

A  light  colored  granular  sediment,  baviDg  a  very  good  grain^ 
and  not  at  all  pasty;  gritty  between  the  fingers.  The  molasses  wa» 
separated  by  putting  the  sediment  into  a  linen  cloth|  and  allowing 
.the  molasses  to  flow  through.  It  was  suffered  to  remain  so  for 
nearly  twenty-four  hours,  and  the  diftst  portion^  then  selected  for 
analysis. 

€  =  0.26;  a  =s       35^.6; 

d=  1.088;  a"=:  — 9^.3; 

t  =24^.6  C,     n  s=:       0.9. 

Per  cent,  of  cane  sugar,  81.47. 

10.  Sediment  from  Nuevitas  molasses. 

A  Tery  light  yellow,  half  pasty,  half  granular  mass;  unusually 
free  from  foreign  matter. 

€  =  0.25;  a  =       34M; 

d=:  1.090;  a"«— 9^.2;  \ 

t  =:86«>.6  F.;    n   =       0.9. 

Per  cent,  of  cane  sugar,  78.40. 

11.  Sediment  from  molasses,  No.  41. 

A  dark  colored  granular  mass,  with  a  hard,  strong,  and  gritty 
grain.  It  was  impossible  to  drain  off  all  the  molasses  by  the  pro- 
cess used  in  the  other  sediments;  this  resembling  brown  sugar  of 
good  grain,  mixed  with  molasses. 

«  =  0.25;  a   =       30^.3, 

d=  1.0871;         a"=  — 7^.5; 
f=:20«>C.;         n   =a       0.9. 

Per  cent,  of  cane  sugar,  68.59. 

12.  Sediment  from  Porto  Rico  Rico  molasses. 

Consists  of  a  half  pasty,  half  granular  mass,  containing  lumps  of 
granulated  sugar;  gritty  when  rubbed  between  the  fingers. 

e  =  0.25;  a   =:       33^6; 

d=  1.0916;        a"  =  —  9*^.4; 
*=23«^.3C;      n   =       0.9. 

Per  cent,  of  cane  sugar,  77.87. 


13.  Sediment  from  molasaeS)  No.  42. 

A  semi-graDular^  dark  colored  sugar,  haying  a  grain  only  paasablf 
good,  and  an  odpr  like  that  of  molasses. 

6  =  0.25;  a   =       31^.8; 

d=  1.093;  ii"  =  — 9^.2; 

tc=:  ;  n   —       0.9. 

Per  cent,  of  cane  sugar,  74.19. 

14.  Sediment  from  molasses,  No.  49. 

A  light  yellow  colored  sediment,  apparently  about  four-fifths  g[ra»- 
ular,  and  having  a  very  good,  hard  grain;  gritty  between  tl|e 
fingers. 

fe  =  0.25;  a   =       33^.25; 

d=  1.0905;         o"  =  — 10*^; 
^  =  26^  C;         »   =       0.9. 

Per  cent,  of  cane  sugar,  78.54. 

16.  Sediment  from  molasses.  No.  49. 

A  mixture  of  pasty  sediment  and  supernatant  molasses,  from%e« 
diment  No.  14;  not  the  slightest  grit  perceptible  by  rubbing  be- 
tween the  fingers.  It  has  a  yellow  color,  and  sufficient  fluidity  i# 
allow  it  to  be  poured. 

«  =  0.26;  a   =       30<>.7; 

d=  1.0853;         a"=  — 8*^.2; 
f  =  26^  C;         n   =       0.9. 

Per  cent,  of  cane  sugar,  70.80. 

16.  Sediment  from  Guayama  molasses.  No.  58. 

A  light  colored,  pasty  mass;  grain  very  inferior.  Not  gritty  be- 
tween the  fingers. 

€  =  0.26;  a   =       33^.5; 

d=  1.0908;        a"  =  — 8<^.6j 
f  =  22^C.;        n   =       O.9.. 

Per  cent,  of  cane  sugar,  76.16. 

17.  Sediment  from  molasses.  No.  60. 

A  light  yellow  colored,  and  apparently  one-third  granular  mast. 

e  =  0.25;  a   =       32^; 

il=  1.0914;        a''=—  10.2; 
t  =71**  P.;        n   =       0.9. 

Per  cent,  of  cane  sugar,  76.67. 
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18«  Sediment  from  molasseSi  No.  62. 

A  brownish  yellow  sediment,  about  three-fourths  granular,  and 
having  an  odor  like  that  of  molasses. 

e  =  0.25;  a   =       32^.; 

a  =1.084;  a"=  — 9^,9; 

^      f  =  20^.8  C;    n   =±=       0.9. 

Per  cent,  of  cane  sugar,  76.68. 

19.  Sediment  from  St.  Croix  molasses,  No.  63. 

A  very  light  yellow,  and  altogther  pasty  mass;  much  drier  than 
generally  occurs. 

e  =  0.25;  a    =       33^.7; 

d=  1.0907;         a"  =  —  9^.3; 
t  =87«'F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  74.17. 

20.  Sediment  from  molasses  from  Xibara,  No.  68. 

A  reddish  brown,  half  pasty,  half  granular  mass,  in  a  state  of 
fermentation;  molasses  mixed  up  with  it. 

c  =  0.26;  a   =       30^.6; 

d=:  1.0857;  a"  =  —  9°; 

t  =70^F.;  n   =       0.9. 

Per  cent,  of  sugar-cane,  73.49. 

21.  Sediment  from  molasses.  No.  69. 

A  brownish  yellow  sediment,  about  two-thirds  granular,  and  of 
quite  a  good  grain. 

€  =  0.25;  a   =       28^.3; 

d=  1.082;  a"  ==  —  8^.8; 

^=86^.5;  n   =       0.9. 

Per  cent,  of  cane  sugar,  67.90. 

22.  Molasses  sediment. 

A  deep  yellow  colored,  and  quite  granular  mass;  gritty  between 
the  fingers,  and  has  an  odor  entirely  sweet. 

«  =  0.26;  o    =       31^.7; 

d=  1.0884;  a"  =  —  9^; 

^=s  24^.6  C;         n   =       0.9. 

Per  cent,  of  sugar  cane,  73.97. 

23.  Molasses  sediment. 

A  brownish  yellow  sediment,  having  a  fine  large  grain,  and  an 
odor  like  that  of  molasses;  gritty  when  rubbed  between  the  fingers. 
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0  =  0.35; 
d=  1.0919; 

Per  cent,  of  cane  sugar,  80.29. 

24.  Molasses  sediment,  from  the  New  York  custom-house.     It 
appears  to  consist  of  cane  sugar  onlj,  and  has  a  hard,  gritty  grain. 

%      A  twenty-five  per  cent,  solution  was  first  heated  with  fine  animal 
black,  and  then  decolorized* 

e  =  0.26;  a   =       33^.76; 

d=  1.0936;  «"===  —  10^.76; 

^  =  23*^.3  C;        n   =       0.9. 

Per  cent,  of  cane  sugar,  80.63. 

25.  Sediment  from  molasses.  No.  50. 

Consists  of  soft  pasty  matter,  mixed  with  granular  cane  sugar  in 
nearly  equal  proportions;  the  taste  a  pure  sweet. 

e  =  0.25;  a   =       31*^; 

(1=1.0875;  a"  =  —  9^; 

^  =  23«>C.,  n   =       0.9. 

Per  cent,  of  cane  sugar,  72.83. 

26.  Molasses  sediment. 

The  supernatant  molasses  bad  a  pure  sweet  taste.  When  a  film 
of  it  was  evaporated  on  glass,  it  deposited  a  thick  coating  appa- 
rently of  sugar.  The  solid  matter  of  the  sediment  seemed  to  be 
food  crystalline  sugar,  of  a  remarkably  strong  and  gritty  grain. 
.  portion  of  this  sediment  being  drained  of  molasses,  was  washed 
with  a  saturated  solution  of  pure  sugar,  to  remove  all  molasses. 
It  then  consisted  of  white,  hard,  gritty,  and  well  granulated  sugar, 
which,  after  drying,  gave  the  following  result: 

e  =  0.25;  a   =       39^.5; 

d=  1.0974;  a"=—  12^; 

^  =  23^  C;  n   =       0.9. 

Per  cent,  of  cane  sugar,  93. 

27.  Molasses  sediment. 

A  brownish  yellow, semi-granular  mass,  having  a  tolerable  grain; 
more  granular  than  pasty;  the  odor  like*  that  of  molasses. 

6  =  0.25;  a   =       29^.8; 

d=  1.093;  a"  =  —  10^.1; 

f  =  22<*.8C.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  72.31. 


28.  Molasses  sediioent. 

Light  colored,  of  a  sweet  taste,  and  a  fine  but  firm  grain;  it 
seems  to  consist  chiefly  of  finely  divided  sugar. 

t  =0.25;  a    =       31®; 

d=  1.0946;  a"=  —  10^; 

^  =  20*^0.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  74.28.  .« 

29.  Molasses  sediment. 

The  supernatant  molasses  pure  sweet;  the  sediment  apparently 
strong  grained  sugar,  gritty,  and  distinctly  granular  between  the 
fingers;  taste  perfectly  sweet. 

€  =  0.25;  a   =       32<>.5; 

d=  1.0904;  a"=  — lO*'; 

^  =  20^C.;  n   =       0.9. 

Per  cent,  of  cane  sugar,  77.23. 

30.  Molasses  sediment. 

The  supernatant  molasses  sirupy,  but  somewhat  acid;  the  sedi- 
ment soft  grained  and  pasty;  its  taste  sweet  and  farinaceous. 

«  =  0.25;  a    =31*^.6; 

d=  1.0916;  o"=10°; 

/=  21^.5  C;        n   =0.9. 

Per  cent,  of  cane  sugar,  75.28. 

SUGARS. 

1.  Sagar  from  Havana. — Received  from  the  custom-house,  Phila- 
delphia, and  marked  ^^  White  sugar,  (in  5  boxes,)  from  Havana, 
per  the  barque  Elizabeth,  J.  Remington,  master;  mark  [P.]  Con- 
signed to  J.  8l  J.  Peterson.     August  28,  1845." 

White,  dry,  and  of  a  delicate,  fresh  flavor;  strong  grained;  finei 
but  gritty. 

e  =  0.25;  a  =  42^.5; 

d=  1.1078;        a"=13.5j 
<  =  22«C.;         n  =0.9. 

Per  cent,  of  cane  sugar,  99.5 

2.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Boston,  and  thus  labelled:  ^^Sample  of  50  boxes  clayed 
sugar,  imported  into  Boston  from  St*  Jagp  de  Cuba,  in  the  brig 
Jno.  H.  Stephens,  by  Chamberlain  &  Co.,  September  30,  1845; 
duty  2^  cents  per  pound." 

A  white  and  dry  sugar,  having  an  excellent  grain. 
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e  =  0.26;  a  =43^.86; 

d=  1.1106;        a"=12^.78j 
/=seO''F.^         n  =0.9. 

Per  cent,  of  cane  8ugar|  99. 

3.  Sugar  from  Trinidad. — Reeeired  from  the  custom-house. 
Boston^  and  marked  ^^Sample  of  SO  boxes  Vhite  sugar,  imported 
into  Boston  from  Trinidad,  in  the  barque  Franklin,  by  Oossler  & 
Co.,  October  11,  1846;  duty  4  cents  per  pound." 

A  white  and  dry  sugar,  having  an  excellent  grain,  and  almost 
purely  white. 

€=0.26;  a  =      i(fi; 

d  =  1.1094$         a' =  —13^3; 
^=«64°F.5         »  ==      0.9. 

Per  cent,  of  cane-sugar,  96.32. 

4.  Sugar  from  Matanzas. — Received  from  the  Philadelphia  custom- 
house, and  marked .  ^^Sample  of  (brown  sugars)  660  boxes  sugar 
from  Matanzas,  imported  in  the  brig  Balize,  Capt.  Searles.  Con- 
signed to  Borie  &  McEean,  marked  [B.]     October  1,  1846.'' 

A  very  light-colored,  dry  sugar,  nearly  pure  white,  and  having  a 
very  good  grain,  gritty,  and  a  fine,  fresh  taste. 

e  =  0.25;  a  =«      4P.4j 

d  =  1.1031;         a"=n:  — 12^.4; 
t  =579°.6F.;     n  =      0.9. 

Per  cent,  of  cane-sugar,  96.68. 

6.  Sugar  from  Nuevitas. — Received  from  the  New  York  custom- 
bouse,  and  marked  ^^Brig  Demarara,  Blachard,  master,  from  Nue- 
vitas; arrived  September  22,  1846;  F£,  78  boxes  brown  sugar,  im- 
ported by  Holt  &,  Owen;  duty  2|  centa  per  pound." 

A  dry,  verv  light-colored  sugar,  being  nearly  pure  white,  and 
having  a  good  grain,  and  gritty. 

ea3  0.25;  a  a      41^7; 

d=  1.1039;        a"  =  — 12<^.7; 
t  «8rF.;         n  =s      0.9. 

Per  cent,  of  cane  sugar,  97.65. 

6.  Sugar  from  Mansanilla. — Received  from  the  custom-house^ 
Boston,  and  marked  '^Sample  of  87  boxes  white  suffar,  imported 
into  Boston  from  Mansanilla,  in  the  brig  Nereus,  oy  Homer  & 
Sprague,  October  6,  1846;  duty  4  cents  per'^onnd." 

A  dry,  white,  bright,  crystalline  sugar,  having  an  excellent 
grain. 
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€=5:0.265  a  =s   ,  4P.6} 

d=  1.1026;         a":stj_12°.3; 
f  =86°.6  F.J      n  ?=      0.» 

Per  cent,  of  cane  sugar,  96.68. 

.7. — Sugar  from  Pernambuc€. — Reoeiyed  from  tke  cuttom^house^ 
Philadelpbia)  and  marked  ^^Saaple  of  brown  sugari  in  sacks,  frott 
Pernambucoy  per  the  brig  R.  F.  Lopos,  Tassot,  master;  mark,  Li 
Consigned  to  Samael  A.  Lewis  &  Brother.     September  8^  1846." 

Nearly  white,  of  good  grain,  with  lumps  interspersed,  abd  some- 
what moist. 

e=fi3  0.25;  a  =?      42°; 

d  =  1.1065;         a"=te— 14^55(?) 

^=:20°C.;  n  ^      0.9. 

Per  cent,  of  cane  sugar,  100.  (?) 

Quthrado  florett, 

8.  Sugar  from  Havana. — ^Received  from  the  custom-bouse,  New 
York,  and  marked  ^'Ship  Adelaide,  Adams,  master,  frem  HaTana; 
arrired  September  15,  1845;  J  M  &  C,  67  boxes  brown  sugatr,  im- 
ported by  J.  Matthews  &  Co.;  duty  2 J  cents  per  pound.'' 

A  dry,  light  colored  sugar,  nearly  white,  having  a  good,  strong 
grain,  with  small  hard  lumps  occurring. 

e=0.25;  a  «      42^.25; 

d  =  1.1061;         a"=— 12^.8; 
t       75^  F.;         n  =      0.9. 

Per  cent,  of  cane-sugar,  98.58. 

9.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  Philadel- 

Ehia  custom-house,  and   marked  ^^rown   sugat,  in  boxes,  pifcr  the 
rig  Adela,  Long,  master,  from  St.  Jago  de  Cuba;  mark,  Piantatioa 
Blancoy  J.  J.  B.,  September  17,  1845." 

So  slightly  colored  that  it  might  be  called  white;  grain  dry,  finej 
and  gritty;  taste  without  freshness  and^aronia. 

c=??s0.25;  .  a  =      42^.5; 

d=  1.1090;         a"=»— 12^.25; 
^=20^C.;  n  =       0.9. 

Per  cent,  of  cane-sugar,  97.64. 

10.  Sagtir  from  Mansanilla. — Received  from  the  custom-house, 
Boston,  and  marked  ^'Sample  of  105. boxes  brown  sugar,  imported 

,   into  Boston,  from  Mansanilla,  in  the  brig  Nereus,  by  Homer  & 
Sprague.     October  6,  1845.     Duty  2^  cents  per  lb.'' 

A  dry,  very  light  colored  sugar,  almost  pure  white,  and  having 
an  excellent  grain,  with  crystalline  lumps  occurring. 
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e  =  0.25;  a   =       42^.44; 

d=l.l«86;         a"==—  12°. 7; 
^=66^7  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  98.29. 

11.  Sugar  fron^  CienCuegos. — Reeeiied  from  the  custom  house^ 
Bostotti  and  marked  ^'  Sample  of  42  boxes  brown  sugar,  imported 
ittto  Boston  from  Cienfu«go8,  in  the  brig  £liza  Burgess,  by  Benj» 
Burgess  ASons.     August  25,  1846.     Duty  2^  cents  per  lb.'' 

A  dry  white  sugar,  nearly  pure  white,  having  an  excellent  grain^ 
and  a  crystalline  appearance. 

€  =  0,25j  a=       41^75 

d=  1.1022;         a'^=  — 12^.30; 
/==85^2  F.J     n   =       0.9. 

Per  cent,  of  cane  sugar,  96.94. 

12.  Sugar  from  Pernambuco. — Received  from  the  custom-bouse^ 
Boston,  and  marked  ^'Sample  of  600  bags  brown  sugar,  imported 
into  Boston  fr*m  Pernambuco,  in  the  ship  Catharine^  by  Robt.  G. 
Si^ftw  tt  Co.     September  8^  1846.     Duty  2^  cents  per  lb.'* 

A  white  sugar,  (not  quite  puie  white,)  having  a. very  good  grain  j 
large  hard  lumps  occurring  frequently. 

e  =  0.25;  a    =       42^.7; 

d=  1.1064;        a"=—  12M; 
^  =  69°F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  98.08. 

13.  Sugar  from  Pernambuco. — Received  from  the  cnstom^boufc^ 
Boston,  and  marked  ^^Sample  of  330  bags  brown  sugar,  imports  \ 
into  BofitoD  from  Pernarobueo,  in  the  ship  Catharine,  by  Robt.  G» 
Shaw  &  Go.     Septeniber  8,  1845.     Duty  2^  cents  per  lb." 

A  light  colored  (almost  pure  white)  dry  sugar,  having  a  very  good 
grain.     The  copper  test  gives  a  red  precipitate. 

e  =  6.26;  a   =       42°; 

d=  1.1066;         a"=  — 12^25; 
^=71M  F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  97. 

14.  Sugar  from  Pernambuco. — Receivrd  from  the  custom-house^ 
Boston,  and  marked  ^^Sample  of  953  bbls.  brown  sugar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robt.'G. 
Shaw  &  Co.     September  8,  1845.     Duty  2^  cents  per  lb." 

A  very  light  colored,  (altnost  white,)  dry,  clayed  sugar,  having 
a  very  good  grain. 
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e  =  0.26;  a   =       41^9J 

rf=l.l058j  a"=—  12^,2; 

^  =  7rF.;  ft  ==       0.9. 

Per  cent,  of  cane  sugar,  96.74. 

Quthrado  la. 

15.  Sugar  from  Havana. — ^Received  from  the  custom- housei  New 
York,  and  marked  *'Sbip  Adelaide,  Adams,  master,  from  Hayanai 
arrired  September  15,  1845:  Mark,  S.  &  C,  3  boxes  brown  sugar, 
imported  by  Sturges  &  Co.     Dutj  2^  cents  per  lb." 

A  Tery  light  colored  (nearly  pure  white)  sugar,  having  an  excel- 
lent grain;  small  hard  lumps  very  frequently  occurring. 

e  =  0.25;  a   =       4^.76; 

d=  1.103;  a"=—  12^.25; 

^  _  82°F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  96.89. 

16.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, New  York,  and  marked  ^^Imported  in  schooner  Charran, 
from  St.  Jago  deCuba,  by  Jonathan  Thompson,  jr.,  40  boxes  sugar. 
Jugua,  Tt.     October  9,  1845.     Duty  2J  cents  per  lb." 

A  dry,  very  light  colored  sugar,  (almost  pure  white,)  and  having 
an  excellent  grain. 

e  =  0.25;  a   =       42^.9; 

d=  1.107;  a"=  — 12^8; 

^=73°F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  99.56. 

17.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom* 
house,  New  York  and  marked  ^^  Imported  in  schooner  Charran,  from 
St.  Jago  de  Cuba,  October  9,  1845,  by  Jonathan  Thompson,  jr., 
135  boxes  sugar,  marked  Tt  [P.  D.  O.  &  B.  C.  0.|  Dosramos. 
Duty  2^  cents  per  lb." 

A  very  light  colored,  dry  sugar,  having  a  very  good  grain. 

€=0.25;  a   =        4P.2; 

d=  1.108;  a"  =  —  13^25; 

^=62°. 6  F.;     n  =       0.9. 

Per  cant,  of  cane  sugar,  97.40. 

18.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom* 
house,  Boston,  and  marked  ^^Sampleof  32  boxes  first  quality  brown 
sugar,  imported  into  Boston  trom  St.  Jago  de  Cuba,  in  the  brig 
General  Brooks,  by  John  S.  Bill,  August  12,  1845.  Duty  2^  cents 
per  lb." 
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A  very  light  coYored^  dry  sugar,  having  an  excellent  grain  ;  al- 
most pure  white. 

e  =  0.26;  a  =       42^.3; 

d=  1.1085;         a"— —  13°.08; 
<=:66°F.;  11=       0.9. 

Per  cent,  of  -cane  sugar,  99. 

19.  Sugar  from  St.  Jago  de  Cuba. — RIceived  from  the  custom- 
house, Boston,  and  marked  ^^  Sample  of  67  boxes  first  quality  brown 
sugar,  imported  into  Boston  from  St.  Jago  de  Cuba,  in  the  brig 
John  H.  Stephens,  by  John  S.  Hill,  September  30,  1846.  Duty  2| 
cents  per  lb." 

A  light  colored  (almost  white)  sugar,  having  a  very  good  grain, 
with  hard  lumps  occurring  frequently. 

ec=0.25;  a   —       40^.92;  * 

d=a  1.1066;         a"=  — 13^38; 
^=65^.2  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  97.26. 

20.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  ^'  Brown  sugar  in  boxes,  from  Trinidad, 
per  schooner  Fashion,  Howard,  master,  marked  5,  and  consigned  to 
S.  &  W.  Welsh,  Philadelphia,  August  25,  1845." 

In  color  so  nearly  white,  that  it  might  readily  be  sold  as  such; 
grain  strong,  fine,  dry,  and  pulverulent.  It  contains  lumps  which 
are  so  compact  that  they  resemble  fragments  of  refined  loaf  sugar 
in  solidity;  the  taste  is  also  that  of  the  latter. 

«  =  0.25;  a   =       42^25; 

d=  1.1059;        a"  =  —12^5) 
^  =:22^C.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  98.87. 

21.  Sugar  from  Trinidad. — Received  from  the  custom-house,  Bos- 
ton, and  marked  ^'  Sample  of  459  boxes  of  brown  sui^ar,  imported 
into  Boston,  from  Trinidad,  in  the  brig  Smyrna,  by  Philo  S.  Shel* 
ton,  September  30,  1845;  duty  2J  cents  per  pound." 

A  light  colored,  almost  white  sugar,  having  a  very  good  grain. 

e  =  0.25;  a   =       42^.5; 

d=  1.1105;         a"=  — 13; 
t  =a66.5;  n   =s       0.9. 

Per  cent,  of  cane  sugar,  98.14. 

22.  Sugar  from  Nuevitas. — Received  from  the  custom-house,  New 
York  and  marked  ^^  Brig  Amaranda^  Avery,  master,  from  Nuevitas; 
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arrived  September  26,  1845;  SV^  200  boxes  brorwo  sugat  iivporled 
by  Holt  &  Oweo;  duty  2^  cents  per  pound." 

A  dry,  grayish  white  sugar,  having  a  very  good  grain;  small 
lumps  of  excellent  grain  occurring. 

e  =sa0.25;  a   =       42®; 

ds=  1.1046;         a"»~ir.3;    . 
^  =  79°F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  95.31. 

23.  Sugar  from  Pernambuco. — Received  from  the  custom-house, 
Boston,  and  marked  ^^Sample  of  1*70  bags  browii  su^ar,  imported 
into  Boston  from  Pernambuco,  in  the  ship  Catharine,  by  Robert  O. 
Shaw  &  Co.,  September  8,  1845;  duty  2^  cents  per  pound.'' 

A  grayish  white  and  slightly  moist  sugar,  having  a  mealy  feeling 
between  the  fingers;  hard  lumps  occurring  frequently. 

* 

e  =  0.26;  a   =       40°; 

d=  1.1057;         a"  =—12°; 
^  =  81°F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  93.  • 

24.  Sugar  from  Pernambuco. — Received  from  the  oustom*house, 
Boston,  and  marked  '^  Sample  of  717  bbls.  brown  suear,  imported 
into  Boston  from  Pernambuco,  in  tbe  ship  Catharine,  by  Robert  G. 
Shaw  &  Co.,  September  8,  1845;  duty  2|  cents  per  pound." 

A  grayish  white,  slightly  moist  sugar,  having  a  tolerable  grain 
only;  lumps  of  a  hard  grain  occurring  in  it. 

c  =  0.26;  a    =        40°.3; 

d=  1.1063;         a"=  — 12^2; 
<  =  73°F.;  n  =       0.9. 

Per  cent,  of  rane  sugar  94. 

Quebrado  2a. 

25.  Sugar  fr«m  Havana. — ^Received  from  the  custom-house,  Phi- 
ladelphia, and  marked  ^^Sugar  in  boxes,  per  the  brig  Elizabeth, 
Power,  master,  from  Havana,  consigned  to  John  F.  Ohl  &  Son; 
marked  0  ^Sy  September  1?,  1846. 

The  color  but  slightly  brown;  grain  fine,  dry,  and  pulverulent; 
aroma  rather  strong  for  a  clayed  sugar. 

e  =  0.26;  a   =       42^; 

d=  1.1083;         a"=-.ir.5; 
f=20^C.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  95.42. 
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26*  Sugar  from  Havana. — Received  from  the  custom-house,  New 
York,  and  thus  labelled:  "Ship  Adelaide,  from  Havana;  arrived 
September  15,  1845;  j3  J,  38  boxes  brown  sugar,  imported  by  Spof- 
ford,  Tileston  &  Co.;  duty  2^  cents  per  pound." 

A  very  light  colored,  dry  sugar,  having  a  very  good  grain,  with 
small  hard  Jumps  occurring  frequently;  apparently  clayed. 

«=:0.25;  a    =  41°^2; 

d=  1.104;  a"=  12^4; 

t  z=  80^  F.;         n    =  0.9. 

Per  cent  of  cane  sugar,  96.1. 

27.  Sugar  from  St.  Jago  de  Cuba. — Received  from  custom*house, 
^  Philadelphia,   and  marked   "Brown  sugar  in   boxes,   per  the  brig 
Mary  Helen,  West,  master,  from  St.  Jago  de  Cuba;  consigned  to 
Robert  Adams  &  Co.,  September  12,  1845." 

Grain  fine,  dry,  and  gritty;  firm  between  the  teeth;  aroma  fresh 
and  delicate. 


e  =  0.25; 

a    = 

42«; 

d=  1.1085; 

o"  =  - 

-14"; 

t  =26°  C.J 

»   = 

0.9. 

Per  cent,  of  cane  sugar,  89.  (?) 

28.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Philadelphia,  and  marked  '*  Clayed  sugar  in  boxes,  from  St. 
Jago  de  Cuba,  per  the  brig  Vulture,  Mayo,  master,  marked  V;  con- 
signed to  Burling  &  Dixon,  August  28,  1845.'' 

Color  very  light  brown;  grain  strong,  dry,  fine,  and  gritty. 

e  =  0.25;  a    =       43^; 

d=  1.1065;         ©"  =  —12^.5; 
^  =  23^.5  C;     n    =       0.9. 

Per  cent,  of  cane  sugar,  98.  (?) 

29.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house,  New  York,  and  marked  "  Imported  in  the  schooner  Charran, 
from  St.  Jago  de  Cuba,  October  17,  1845,  by  Jonathan  Thompson^ 
jr.,  50  bbls.  brown  sugar,  marked  Tt;  duty  2^  cents  per  pound." 

A  dry,  whitish  yellow  sugar,  of  a  very  good  and  hard  grain. 

e  =  0.25;  a    =       40«; 

d=  1.1035  a"  =  —  12*^; 

t  =79^.5;  n    =       0.9. 

Per  cent,  of  cane  sugar,  93.31. 

30.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, New  York,  and  marked  "  Imported  in  schooner  Charran, 
from  St.  Jftgo  de  Cuba,  October  10,  1845,  by  Richard  [Irvin,  25 
boxes  sugar,  marked  RF;  duty  2J  cents  per  pound." 

23 


•  ♦ 
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A  dull  yellow  color;  slightly  moist,  witii  hard  lamps  occuriag; 
grain  tolerably  good. 

€=0.25;  a  =      38^.3; 

d  =  I.iOO;  a"  =  — 11°; 

t  =83^  F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  88.64. 

31.  Sugar  from  St.  Jago  de  Cuba. — Received  from  the  custom- 
house, Boston,  and  marked  ^^Sample  of  233  boxes  second  quality 
brown  sugar,  imported  into  Boston,  from  St.  Jaeo  de  Cuba,  in  the 
brig  Jno.  H.  Stephens,  by  John  S.  Hill,  September  30,  1845;  duty 
2^  cents  per  pound.'' 

A  grayish  yellow,  rather  dry  sugar,  having  a  good  grain;  ap- 
pearance not  crystalline. 

6  =  0.25;  a   =       4P.75; 

d  =  1.1046;        a"  =  — 1P.8; 
^=8P  F.;        n   =      0.9. 

Per  cent,  of  cane-sugar,  95.83. 

32.  Sugar  from  St.  Jago  de  Cuba — Received  from  the  custom- 
house, Boston,  and  thus  labelled:  ^'Sample  of  133  boxes  '  second 
quality'  brown  sugar,  imported  into  Boston,  from  St.  Jago  de  Cuba, 
in  the  brig  General  Brooks,  by  John  S.  Hill,  August  12, 1845;  duty 
2\  cents  per  pound." 

A  yellowish  white,  dry  sugar,  having  a  good  grain,  but  not  a 
crystalline  appearance. 

6  =  0.25;  a    =40°. 2; 

d=  1.1007;         a"  =12^.6; 
t  =60°.9F.;     n    =0.9. 

Per  tent,  of  cane  sugar,  95.48. 

33.  Sugar  from  Trinidad — Received  from  the  custom-house,  Bos- 
ton, and  thus  labelled:  '^Sample  of  149   boxes  brown  sugar,  im- 

Sorted    into    Boston,  from    Trinidad,  in  the   barque  Franklin,  by 
benjamin   Burgess  &  Sons,  October   18,  1845;  duty  2^  cents  per 
pound." 

A  brownish  yellow,  rather  dry  sugar,  having  a  good  grain  and  a 
dull  uncrystalline  appearance. 

6  =  0.25;  a   =       41^.1; 

d=  1.1067;         a"  =  —  12; 
t  =  80^  F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  94.89. 

34.  Sugar  from  Trinidad — Received  from  the  custom-house,  Bos- 
ton, and  thus  labelled:  **  Sample  of  100  boxes  brown  susar,  im- 
ported into  Boston,  from  Trinidad,  in  the  barque  Franklin,  by 
Benjamin  Burgess  k  Sons,  October  11,  1845;  duty  2^  cents  per 
pound." 
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A  light  colored,  dry,  clayed  sugar,  having  a  good  grain. 

€  =  0.25;  a   =       39.4; 

d=  1.1135;         o"=—  13^.32; 
f  =  66^.3  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,^93.94. 

35.  Sugar  from  Trinidad. — Received  from  the  custom-house,  Bos- 
ton, and  thus  labelled:  "  Sample  of  72  boxes  brown  sugar,  im- 
ported into  Boston,  from  Trinidad,  in  the  barque  Smyrna,  by 
Philo  S.  Shelton,  September  30,  1845;  duty  2\  cents  per  pound. 

A  yellowish  gray,  dry  sugar,  having  a  good  grain  and  an  uncrys- 
talline  appearance. 

c  =  0.25;  a    =       30^.4; 

d  =5  1,1018;         »"=— 12^; 
t  =  80^  F.;  n   —       0.9. 

Per  cent,  of  cane  sugar,  92.34. 

36.  Sugar  from  Matanzas. — Received  from  the  custom-house, 
Philadelphia,  and  marked  ^'  Sample  of  550  boxes  sugar  from  Ma- 
tanzas, in  the  brig^  Balize,  Captain  Searles,  consigned  to  Borie  & 
McKean,  marked  [B;]  October  1,  1845." 

A  brownish  white,  dry  sugar,  having  a  good  grain,  and  gritty; 
very  hard  lumps  occiirring  in  it. 


e  =  0.25; 

o    =41«; 

(2  :==  1.1034; 

a"=  12; 

^ssSa^.S  F.; 

n   =0.9. 

Per  cent,  of  cane  sugar,  95.06, 

37.  Sugar  from  Mayaguez. — Received  from  the  custom-house, 
Philadelphia,  and  marked  "Sample  of  sugar  from  Mayaguez,  per 
schooner  Nonpareil,  Captain  Homer,  consigned  to  Mason  &  Eirk- 
land,  marked  P;  60  hhds." 

A  light  colored  (nearly  white)  moist  sugar,  having  a  rather  in- 
ferior grain,  and  a  pasty  feeling  between  the  fingers. 

e  =  0.25;  a    =39^.1; 

d=  1.1021;         a"=  11^.7; 
^  =  80°  F.;         n   =0.9. 

Per  cent,  of  cane  sugar,  91.23. 

38.  Sugar  from  Cienfuegos. — Received  from  the  custom-house, 
Boston,  and  thus  labelled:  "Sample  of  194  boxes  brown  sugar,  im- 
ported into  Boston  from  Cienfuegos,  in  the  brig  Eliza  Burgess,  by 
Benj.  Burgess  &  Soffs,  August  25,  1845.     Duty  2^  cents,  per   lb." 

A  light  yellow,  dry  sugar,  having  a  very  good  hard  grain, 
and  a  crystalline  appearance. 
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6=^0.25;  a   =        39^.9; 

d=  1.1017;         a"=—  12^.2; 
^  =  79^.5  F.;     n   =        0.9. 

Per  cent,  of  cane  suj^ar,  93.64. 

39.  Sugar  from  Mansanilla. — Received  from  the  custom-house, 
Boston,  and  thus  labelled:  ^'Sample  of  83  boxes  brown  sugar,  im- 
ported into  Boston  from  Mansanilla,  in  the  brig  Nerews,  by  Homer 
&  Sprague,  October  6,  1845.     Duty  2^  cents  per  lb." 

A  yellowish  white,  dry  sugar,  having  an.  excellent  crystalline 
grain. 

6  =  0.25;  a    =       40*^.96; 

d=  1.1062;         a"  =  —  13; 
^  =  63°. 3  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  96.72. 

40.  Sugar  from  Bahia. — Received  from  the  custom-house,  Phila- 
delphia, and  marked  ^^Samples  of  sugar  in  cases,  per  the  schooner 
Almira,  from  Bahia,  Captain  Norgram,  consigned  to  S.  A.  Lewis 
&  Brothers,  September  15,  1845." 

A  grayish  white,  slightly  moist  sugar,  having  only  a  tolerable 
grain;  large,  bu^not  very  hard  lumps  occurring. 

c  =  0.25;  a    =       41°. 1; 

d=  1.103;  a"==—  11°. 9; 

^  =  82°;  n    =        0.9. 

Per  cent,  of  cane  sugar,  95.08. 

Quebrado  3a. 

41.  Sugar  from  Havana. — Received  from  the  custom-house.  New 
York,  and  marked  "Ship  Adelaide,  Adams,  master,  from  Havana;, 
arrived  September  15,  1845;  marked  AK;  82  boxes  brown  sugar, 
imported  by  Spofford,  Tileston  &  Co.      Duty  2J  cents  per  pound." 

A  dull  yellow,  dry  sugar,  having  a  good  grain;  small  hard  lumps 
occurring. 


6  =.0,26; 

a    =360.3; 

d=  1.095; 

o"=  120.5; 

«  =  54°.6F.; 

n    =0.9. 

Per  cent,  of  cane  sugar,  87.91. 

42.  Sugar  from  St.  Jago  de  Cuba. — ^Received  from  the  custom- 
bouse,  Boston,  and  labelled  thus:  "Sample  of  31  bbls.  brown 
sugar,  imported  into  Boston  from  St.  Jago  de  Cuba,  in  the  hrig^ 
General  Brooks,  by  John  S.  Hill,' August  12,  1845.  Duty  2|  cents 
per  lb." 
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A  brownish  yellow,  dry  sugar,  having  a  good  grain  and  a  dull 
uncrystalline  appearance. 

«  =  0.26;  a   =       38^. 9j 

.d=rl. 10835;       a''  =  — 12.3j 
^  =  610.8  F.;      n   =       0.9. 

Per  cent,  of  cane  sugarf  91.62. 

43.  Sugar  from  Trinidad. — Received  from  the  custom-housei 
Philadelphia,  and  marked  ''Brown  sugar,  in  boxes,  from  Trinidad* 
per  schooner  Fashion,  Howard,  master,  marked  R.  Y.;  consigned 
to  S.  &  W.  Welsh;  August  25,  1845." 

It  contains  numerous  small  dark  dry  lumps,  which  crumble 
readily  between  the  teeth,  though  not  between  the  fingers;  and 
these  are  mixed  with  fine  powdered  sugar,  of  a  lighter  color. 

e  =  0.25;  a   =       39^.1; 

d=  1.100;  a"  =  —  13^; 

^  =  260.5  C;      n   =       0.9. 

Per  cent,  of  cane  sugar,  93.38. 

44.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  ''Sample  of  brown  sugars,  in  boxes, 
from  Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  Vj 
consigned  to  S.  &  W.  Welsh;  August  25,  1845." 

A  brownish  yellow,  dry  sugar;   strong  grain. 

€  =  0.25,  a   =       38^.8; 

•  d  =1.1011;  a'' ==—11°  .2; 

^=^75°  F.;         »   =    .  0.9. 

Per  cent,  of  cane  sugar,  89.85. 

45.  Su^ar  from  Trinidad. — Received  from  the  custom-house, 
Philadelphia,  and  marked  "Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  L;  con- 
signed to  S.  and  W.  Welsh;  August  25,  1845." 

A  brownish  yellow  sugar,  of  rather  hard  grain;  small  lumps  oc- 
curring in  it  of  still  stronger  grain. 

e  =0.25;  a    =       38«.7; 

i=  1.100;  a"=  — 11«>; 

f  =79^F.;  71   =        0.9. 

Per  cent,  of  cane  sugar,  89.37. 

46.  Sugar  from  Trinidad. — Received  from  the  custom-house^ 
Philadelphia,  and  marked  "  Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  H;  con^* 
signed  to  S.  and  W.  Welsh;  August  25,  1845." 
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A  deep  brownish  yellow,  slightly  moist  sugar,  haTiD|;  only  a 
tolerable  grainy  large  lumps  of  a  darker  color  occurring  in  it  fre- 
quently. 

€  =  0.25;  a    =       38^; 

d=  1.096;  a"=  —  lV>.6; 

/  =  85«F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  87.47.  ^ 

47.  Sugar  from  Trinidad. — Received  from  ibe  custom-house, 
Philadelphia,  and  marked  ^^  Sample  of  brown  sugar,  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master,  marked  D  S^ 
consigned  to  S.  and  W.  Welsh;  August  26,  1845." 

Deep  brownish  yellow,  and  dry;  fair;  grain  rather  gritty  between 
the  fingers;  lumps  of  a  .darker  color  occurring. 

e  =  0.25;  a    =        39^; 

d=  1.0898;         fl"=_llo.2; 
^  =  85<'F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  91.11. 

48.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Boston,  and  labelled  as  follows:  '^Sample  of  28  boxes  brown  sugar, 
imported  into  Boston,  from  Trinidad,  in  the  barque  Franklin,  by 
Gossler  &  Co.,  October  11,  1845.   -Duty  2^  cents  per  lb." 

A  brownish  yellow,  rather  dry  sugar,  having  a  good  grain. 

€  =  0.25;  a    =        39^.5; 

d=  1.1025;         a'  =  — 11^.8; 
/=  67^.7  F.;     n    =        0.9.  • 

Per  cent,  of  cane  sugar,  92.16. 

49.  Sugar  from  Trinidad. — Received  from  the  custom-house, 
Boston,  and  labelled  as  follows:  ^^  Sample  of  150  boxes  brown 
sugar,  imported  into  Boston,  from  Trinidad,  in  the  barque  Frank- 
lin, by  Benjamin  Burgess  &  Sons,  October  11,  1845.  Duty  2J 
cents  per  lb." 

A  reddish  brown,  dry  sugar,  having  a  good  grain,  with  a  dull 
uncrystalline  appearance. 

e  =  0.25;  a    =       38*^.5; 

d=:  1.1043;         a"=  —  12^.6; 
^  =  64°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  91.81. 

50.  Sugar  from  Nuevitas. — Received  from  the  custom-house. 
New  York,  and  marked  "  Brig  Demarara,  Blanchard,  master,  from 
Nuevitas;  arrived  September  22,  1845.  F  E,  481  bbls.  brown 
sugar,  imported  by  Holt  &  Owen.     Duty  2J  cents  per  lb." 
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A  deep  yellow,  and  slightly  moist;  tolerable  grain, 

e  =  0.25;  a   =        38^.5; 

d=  1.1007;         a"  =  — 11°; 
t=  n   =        0.9. 

Per  cent,  of  cane  sugar,  88.89. 

51.  Sugar  from  Nuevitas. — Received  from  the  custom-house, 
New  York,  and  marked  ^^  Brig  Deroarara,  Blanchard,  master,  from 
Nuevitas;  arrived  September  22,  1845.  F  E,  78  boxes  brown 
sugar,  imported  by  Holt  &  Owen.     Duty  2J  cents  per  lb." 

A  dry,  yellow  sugar,  having  a  good  grain. 

e  =  0.26;  a    =       39^.9; 

d=  1.102;  a"  =  —  11^.2; 

^  =  78^  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  91.69. 

52.  Sugar  from  Nuevitas. — Received  from  the  custom-house. 
New  York,  and  thus  labelled:  ''Brig  Amanda,  from  Nuevitas,  ar- 
rived September  26,  1845.  S  V,  200  boxes  brown  sugar,  imported 
by  Holt  &  Owen.     Duty  2^  cents  per  lb." 

A  dull  yellow,  moist  sugar,  bavins  a  very  inferior  grain,  and  a 
dull  uncrystalline  appearance;  pasty  between  the  fingers. 

e  =  0.25;  a    =        35^.9; 

d=  1.100;  a"  =  —10^.8; 

^  =  55^.2;  n    =        0.9. 

Per  cenl^  of  cane  sugar,  84. 

53.  Sugar  from  Manilla. — Received  from  the  custom-house. 
New  York,  and  marked  "  Ship  Delhi,  Williams,  master,  from 
Manilla;  arrived  August  14,  1845;  no  mark;  8,371  bags  brown 
sugar,  imported  by  Tucker  &  Doland.     Duty  2^  cents  per  lb." 

A  dry,  brown  colored  sugar,  of  a  hard  grain  and  peculiar  flavor; 
lumps  of  a  darker  color,  and  harder  grain,  occurring  frequently. 

c  =  0.25;  a   =       39^.5; 

d=  1.1027;         o"=—  11^.6; 
/  =  74^.8;  n   =       0.9. 

Per  cent,  of  cane  sugar,  91.66. 

MUSCOVADO  SUGARS. 

54.  Sugar  from  Havana. — Received  from  the  custom-house.  New 
York,  and  marked  *'Ship  Adelaide,  Adams,  master,  from  Havana; 
arrived  September  15,  1845.  S  G,  7  hhds.  brown  sugar,  imported 
by  Spofford,  Tileslon  &  Co.     Duty  2J  cents  per  pound." 
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A  very  deep  yellow,  moist  sugar,  of  a  rather  inferior  grain; 
pasty  between  the  fingers. 

e  =  0.25;  a    =        37*^.3; 

d=  1.0997;         a"=—  10^.2; 
t  =  77^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  85.35. 

Muscovado  sugar  from  St,  J  ago  de  Cuba. 

55.  Received  from  the  custom-house,  Philadelphia,  and  marked 
"Brown  sugar,  in  hhds.,  per  brig  Mary  Helen;  West,  master,  from 
St.  Jago  de  Cuba,  consigned  to  Robert  Adams  &  Co.,  and  marked 
W.  C.  September  12,  1845." 

A  delicate  flavored  raw  sugar;  aroma,  fresh  and  full;  grain  fine, 
and  rather  soft;  also  somewhat  moist. 


€  =  0.25; 

a    =       W; 

d=  1.1022; 

a"  =  _ll<».6; 

t  =  23''.5  C. 

n    =       0.9. 

Per  cent,  of  cane  sugar,  94.37. 

56.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  sugar  in  hhds.  from  St.  Jago  de  Cuba,  per  brig  Vul- 
ture, Mayo,  master,  marked  F,  and  consigned  to  Burling  &  Dixon, 
August  28,  1845." 

A  dark  brown,  very  moist,  soft  weak  grained  sugar. 

e  =  0.25;  a    =        38^.8; 

d=  1.0965;         a'' =  —12^.2; 
f  =  25^.6  C;     n   =        0.9. 

Per  cent.  of. cane  sugar,  92.18. 

57.  Received  from  the  Philadelphia  custom-house,  and  marked 
*' Sample  of  brown  sugar  in  hhds.,  per  brig  Mary  Helen,  West, 
master,  from  St.  Jago  de  Cuba,  consigned  to  Robert  Adams  &  Co., 
marked  ^.;  September  12,  1845." 

A  brownish  yellow,  moist  sugar;  grain  rather  hard;  contains 
lumps  of  a  hard  strong  grain. 

e  =  0.25;  a   =        38^.1; 

d=  1.10075;       a''  =  —  U°; 
^  =  750F.;  n   =,      0.9. 

Per  cent,  of  cane  sugar,  88.23, 

58.  Received  from  the  New  York  custom-house,  and  marked 
^*  Imported  in  schooner  Charran,  from  St.  Jago  de  Cuba,  October 
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9,  1845,  by  Jonathan  Thompson,  jr.,  18  hhds.  brown  sugar^  marked 
Tt;  duty  2J  cents  per  pound." 

A  yellowish  white,  moist  sugar,  of  an  inferior  grain;  pasty  be- 
tween the  fingers;  a  few  lumps  of  good  grain  occurring  in  it. 

6=0.25;  a    =        37^.5; 

d=  1.1022;         a"  =  -   11^.6; 
t  =  11''. 6  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  88.28. 

59.  Received  from  the  New  York  custom-house,  and  marked 
** Imported  in  brig  E.  D'Wolfe,  Steelman,  master,  from  St.  Jago 
de  Cuba,  by  Dunscomb  &  Beckwith,  August  27,  1845,  29  hhds. 
brown  sugar,  marked  W.  C." 

A  dull  yellowish  white,  moist  sugar,  having  a  tolerable  grain. 

«=0.25;  a    =        38^.6; 

d=  1.1016;        a"  =  —  11^.4; 
^  =79^  F.  71  =        0.9. 

Per  cent,  of  cane  sugar,  89.79. 

60.  Received  from  the  New  York  custom-house,  and  marked 
*' Imported  in  brig  E.  D'Wolfe,  from  St.  Jago  de  Cuba,  by  Duns- 
comb  &  Beckwith,  August  27,  1845,  50  hhds,  brown  sugar,  marked 
RW„ 

E   • 
A  deep  yellow,  moist  sugar,  of  a  dull  appearance,  and  having  a 
very  inferior  grain. 

6  =  0.25;  a    =        35^5; 

d=  1.1042;         a"  =  —  12°; 
^  =  63°  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  88.30. 

61.  Received  from  the  custom-house,  New  York,  marked  ^'  Im- 
ported in  brig  E.  D'Wolfe,  from  St.  Jago  de  Cuba,  by  Dunscomb 
&  Beckwith,  August  27,  1845,  98  hhds.  brown  sugar,  marked 
RW„ 

S  • 

A  yellow,  moist  sugar,  having  a  rather  inferior  grain,  and  dull 
appearance. 

«  =  0  25;  a    =       40°; 

d=  1.1077;         a"  =  —  13.2. 
f  =5  60°.l  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  95.26. 

62.  Received  from  the  New  York  custom-house^  and  marked  ^^Im- 

ported   in   mrig  E.  D'Wolfe,   Steelman,  master,  from  St.  Jago  de 

RW 
Cuba,  by  Dunscombe  &  Beckwith,  August  27,  1845,      g      4   bbls. 

sugar;  duty  2^  cents  per  pound." 
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A  yellpw,  moist  sugar,  of  a  rather  inferior  grain  and  dull  appear- 
ance. 

c=0.25;  a    =       37<^.4; 

d=  1.1009;         a"  =  — 11^.4; 
t  =  74°. 5  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  87.79. 

63.  Received  from  the  Boston  custom-house,  and  marked  '^Sam- 
ple of  179  hoxes  clayed  sugar,  imported  into  Boston,  from  St.  Jago 
de  Cuba,  in  the  brig  John  H.  Stephens,  by  Chamberlain  &  Co., 
September  30,  1845;  duty  2J  cents  per  pound." 

A  dark  yellow,  rather  dry  sugar,  having  a  good  grain;  rather 
mealy  when  rubbed  between  the  fingers. 

c  =  025;  a  =        40^.1; 

d=  1.1076;         a"=— 12^.1; 
^  =  60^  F.;         n  =        0.9. 

Per  cent,  of  cane  sugar,  92.98. 

64.  Received  from  the  Boston  custom-house,  and  marked  ^^Sam- 

Jle  of  40  hhds.  muscovado  sugar,  imported  into  Boston,  from  St. 
ago  de  Cuba,  in   the   brig  General   Brooks,  by  John  S.  Hill,  Au- 
gust 12,  1845;  duty  2J  cents  per  pound." 

A  light  yellow,  moist  sugar,  of  a  tolerable  grain  and  rather 
bright  crystalline  appearance. 

e  =  025;  a    =        38^.3; 

d=  1.1018;         a''  =  —  11^3; 
^  =  7'^^  F.;         n    =        0.9. 

Per  cent,  of  cane  sugar,  89.06. 

65.  Received  from  the  custom-house,  Boston,  marked  ^'Sample 
of  18  hogsheads  muscovado  sugar,  imported  into  Boston  from  St. 
Jago  de  Cuba,  in  the  brig  Jno.  H.  Stephens,  by  Chamberlain  & 
Co.,  September  30,  1845;  duty  2\  cents  per  pound," 

A  dark  brownish  yellow,  and  very  moist  sugar,  having  a  rather 
inferior  grain,  (pasty  between  the  fingers,)  and  a  peculiar 'odor. 

e  =  0.25;  a   =        37«^.4; 

d=  1.1037;  a''=—  11«>.9; 

^=63*^  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  88.47. 

66.  Sugar  from  Trinidad. — Received  from  the  Philadelphia  cus- 
tom-house, and  marked  "  Sample  of  brown  sugar  in  boxes,  from 
Trinidad,  per  schooner  Fashion,  Howard,  master;  marked  R.  Con- 
signed to  S.  and  W.  Welsh.     August  25,  1845."  ' 

A  yellow  sugar;  grain  rather  strong. 


363  [50} 

«  =  0.25;  a   =       389.2; 

<i=1.1012j         o"=— 11«; 
tz=19°  F.;        «  =        0.9. 

Per  cent,  of  cane  sugar,  88.59. 

67.  Sugar  from  Trinidad. — Received  from  the  custom-bouse^ 
Boston,  and  marked  ^^  Sample  of  35  boxes  brown  sugar,  imported 
into  Boston  from  Trinidad,  in  the  brig  Smyrna,  by  Philo  S.  Shel- 
ton,  September  30,  1845;  duty  2^  cents  per  pound." 

A  dark  brown,  moist  sugar,  of  rather  inferior  grain  and  dull  ap- 
pearance.    Resembles  very  much  a  well  drieJ  sediment. 

e=0.26;  a  =       38^.5; 

i=  1.1020;         a"=—  11^.7; 
/  =  80^F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  90. 

68.  Sugar  from  Nuevitas. — Received  from'the New  York  custom- 
house, and  marked  ^^  Brig  Demarara,  Blanchard,  master,  from  Nu- 
evitas; arrived  September  22,  1845.  J  L  C,  35  hhds.  brown  sugar^ 
imported  by  Holt  &  Owen." 

A  light  yellow  and  slightly  moist  sugar,  of  fair  grain. 

e  =  0.25;  a  =    *    40^.9; 

d=  11039;         o"=—  12°; 
t  i=8F  F.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  94.9. 

Muscovado  sugar  from  Si.  Croix. 

69.  Received  from  the  custom-house.  New  York,  marked  "Schr. 
Empire,  from  St.  Croix,  imported  by  B.  DeForest  &  Co.;  120  hogs- 
heads sugar  (brown;)  arrived  September  22,  1845.  Duty  2J  cents 
per  pound." 

A  mcist,  light  yellow  sugar,  having  a  tolerable  grain. 

e  =  0.25;  a    =       40°; 

d=  1.1028;         a''=—  IF. 7; 
/  =77^.7  F.;      n  =        0.9. 

Per  cent,  of  cane  sugar,  92.76. 

70.  Received  from  the  New  York  custom-house,  and  marked 
"Brig  Star,  Hubbard,  master,  from  St.  Croix;  arrived  September  1, 
1846;  108  hogsheads  brown  sugar,  imported  by  B.  DeForest  &  Co. 
Duty  2J  cents  per  pound." 

A  light  yellow  and  slightly  moist  sugar;  good  grain,  and  crystals 
well  defined,  but  not  large. 

e  r=  0.25;  a   =       40^.6; 

d=  1.1028;         a"=—  11^.4; 
^  =  83^  F.;         n   =        0.9. 

Per  cent,  of  cane  sugar,  93.22. 
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71.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  brig  Hyder  Ali,  from  St.  Croix,  September  11,  1845, 
by  Alsop  &  Chauncey,  12  hogslieads  brown  sugar,  marked  B  O. 
Duty  2^  cents  per  pound." 

A  light  yellow  and  slightly  moist  sugar;  grain  good. 

6  =  0.25;  a  =        40°.2; 

d=  1.1033;         a"=  — ir.5; 
^  =  82*^.5  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  92.72. 

72.  Received  from  the  custom-house,  New  York,  marked  "  Im- 
ported in  the  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  Alsop  &  Chauncey,  10  hogsheads  brown  sugar,  marked  P.  Duty 
2J  cents  per  pound.'' 

A  dull  yellow  sugar,  with  a  tolerable  grain,  and  slightly  moist; 
crystals  of  a  rather  small  size. 
# 

6  =  0.25;  a   =       38°. 95; 

d=  1.1023;         a"  =  —  12^.9; 
t  =7P  F.;  n   =        0.9. 

Per  cent,  of  cane  sugar,  93.33. 

73.  Received  from  the  custom-house,  New  York,  marked  ."  Im- 
ported in  the  brig  Hyder  AH,  from  St.  Croix,  September  11,  1845, 
by  Beasly  &  McCready,  74  hogsheads  brown  sugar,  marked  F.  Duty 
2\  cents  per  pound." 

A  light  yellow,  moist  sugar,  with  a  rather  good  grain,  an^  a 
bright  crystalline  appearance. 

6  =  0.25;  a   =        39°. 4; 

d=  1.1045;         a"  =  —13^.5; 
^=60°.8F.;      n    =        0.9. 

Per  cent,  of  cane  sugar,  95.14. 

74.  Received  from  the  custom-house.  New  York,  and  marked 
"  Imported  in  brig  Hyder  Ali,  from  St.  Croix,  September  11,  1845, 
by  Alsop  &  Chauncey,  25  hhds.  brown  sugar,  marked  [D.  D.  L.J 
Duty  2J  cents  per  pound." 

A  light  yellow,  moist  sugar,  with  quite  a  good  grain,  and  having 
a  bright  crystalline  appearance. 

e  =  0.25;  a   =       40°. 4; 

d=  1.1047;         a"  =  —  13^.2; 
^  =  61°. 2  F.;     n    =        0.9. 

Per  cent,  of  cane  sugar,  96.20. 

76.  Received  from  the  New  York  custom-house,  and  marked 
^^  Imported  in  schooner  Abisha  Jenkins,  Haines,  master,  from  St. 


365  [50] 

Croix,  September  5,  1845,  by  Aymar  &  Co.)  71  bhds.  brown  sugar, 
marked  R.  I.  G,     Duty  2J  cents  per  pound." 

A  dull  yellow  sugar;  grain  inferior;  a  sort  of  pasty  and  mealy 
feeling  between  the  fingers. 

e  =  0.25;  a    =        39<=^.9; 

d=  1.1027;         a''  =  — 1P.4; 
^  =  77^.2  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  91.95. 

76.  Received  from  the  New  York  custom-house,  and  marked 
"Brig  Eliza,  irom  St.  Croix,  arrived  August  30,  1845;  198  bhds. 
brown  sugar,  imported  by  Benj.  De  Forest  &  Co.  Duty  2J  centa 
per  pound." 

A  light  yellow,  moist  sugar;  grain  tolerable;  rather  bright  crys- 
talline appearance. 

c  =  0.25;  a    =       4P.4; 

d  —  1. 10625;       a"  =  —  12^.5; 
t  =83°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  96.15. 

77.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  Alsop  &  Chauncey,  10  hhds  brown  sugar,  marked  H.  Duty  2^ 
f  ents  per  pound." 

A  light  yellow,  moist  sugar,  very  light  colored  for  Muscovado; 
having  a  rather  inferior  grain,  and  a  dull  appearance;  crystals  very 
small. 

6  =  0.25;  a    =        40°. 2; 

d=  1.1034;         a''  =  —  12\9; 
t  =  lVA;  n   =       0.9. 

Per  cent,  of  cane  sugar,  95.40. 

78.  Received  from  the  New  York  custom-house,  and  marked 
**  Barque  Rosalie,  from  St.  Croix,  arrived  September  3,  1845;  18 
hogsheads  brown  sugar,  imported  by  J.  C.  Whitmore.  Duty  2^ 
cents  per  pound." 

A  light  yellow,  moist  sugar,  of  good  grain,  and  having  a  bright 
crystalline  appearance. 

c  =  0.25;  a    =        40°. 3; 

d=  1.1054;         a'^  =  —  11°.  8; 
f  =  76°.6F.;      n   =       0.9. 

Per  cent,  of  cane  sugar,  93.28. 

79.  Received   from   the   custom-house.  New  York,  an  I  marked 


£50]  366 

"  Imported  in  schooner  Abisha  Jenkins,  from  St.  Croix,  September 
5,  1845,  by  Aymar  &  Co.,  22  hogsheads  brown  sugar,  marked  W. 
Duty  2J  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

e  =  0.25;  a   =       40<^.4; 

d=  1.1043;         a"  =  —  12°; 
^  =  61°. 7  F.;      n    =:       0.9. 

Per  cent,  of  cane  sugar,  93.94. 

80.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  schooner  Abisha  Jenkins,  from  ^t.  Croix,  by  Aymar 
&  Co.,  23  hogsheads  brown  sugar,  marked  G.  S.  H.  Duty  2|  cents 
per  pound." 

A  very  light  colored,  moist  sugar;  grain  rather  inferior;  dull  un- 
crystalline  appearance. 

e  =  0.25;  a   =       39^; 

d=  1.1035;         a''=— 12^.3; 
t  =82«  F.;         n   =a        0.9. 

Per  cent,  of  cane  sugar,  92.14. 

81.  Received  from  the  New  York  custom-house,  and  marked  ^'Im- 
ported in  schooner  Abisha  Jenkins,  from  St.  Croix,  September  6, 
1845,  by  Aymar  &  Co.,  30  hhds.  brown  sugar,  marked  W.  N.  R. 
Duty  2J  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  very  good  grain,  and 
bright  crystalline  appearance. 

«  =  0.25;  a   =        40^.6; 

d=  1.10475;       a"=  — 12^.1; 
f  =  83^  F.J        n    =       0.9. 

Per  cent,  of  cane  sugar,  94.41. 

82.  Received  from  the  New  York  custom-house,  and  marked 
^^  Imported  in  brig  Elizabeth,  from  St.  Croix,  August  11,  1845, 
by  Ezra  Whitmore,  26  bbls.  sugar,  marked  D  &  C.  Duty  21  cents 
per  lb." 

A  very  light  yellow,  moist  sugar,  having  a  good  grain,  and  a 
bright  crystalline  appearance. 

e=0.25;  a    =       41^.2; 

i=  1.1057;         a"=  — 12^.7; 
^=80^  F.;         n    =       0,9. 

Per  cent,  of  cane  sugar,  96.30. 

83.  Received  from  New  York  custom-house,   and  marked  "  Im*- 
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ported  in  schooner  Abisha  Jenkins,  from  St.  Croix,  September  5| 
1845,  by  Aymar  &  Co.,  lOhhds.  brown  sugar,  marked  C.V.  Duty 
2^  cents  per  lb." 

A  light  yellow  and  very  moist  sugar;  grain  rather  poor,  and  in^ 
ferior. 

c  =  0.25;  a    =       39^.2; 

d=  1.1004;         a''  =  —  11^.5; 
f  =  81^  F.;         n    =       0.9. 

Per  cent,  of  cane  sugar  91.24. 

84.  Required  from  the  New  York  custom-house,  and  marked 
^'  Imported  in  brig  Hyder  AH,  from  St.  Croix,  September  11,  1845, 
by  AIsop  &  Chauncey,  40  hhds,  brown  sugar,  marked  MS.  Duty 
2|  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain  and  a 
bright  crystalline  appearance. 

e  =  0,25;  a    =        39^.76; 

d=  1.1035;         0"  =  —  11^.75; 
t  =  80^  F.;        n    =       0.9. 

Percent,  of  cane  sugar,  92.38. 

85.  Received  from  the  custom-house.  New  York,  marked  "  Im- 
ported in  schooner  Abisha  Jenkins,  from  St.  Croix,  September  5, 
1845,  by  Aymar  &  Co.,  19  hhds.  brown  sugar,  marked  H.  Duty  2| 
cents  per  lb." 

A  light  yellow  and  quite  moist  sugar,  having, a  good  grain  and 
bright  crystalline  appearance. 

e^=0.25;  a    =       39^.6; 

d=  1.1033;         a"  =  —  12^; 
^=:  66^.3  F.;     n*=        0.9. 

Per  cent,  of  cane  sugar,  92.65. 

86.  Received  from  the  New  York  custom-house,  and  marked 
"Imported  in  barque  Isabella,  from  St.  Croix,  September  4,  1845, 
by  AIsop  &  Chauncey,  15  hhds  brown  sugar,  marked  HP.  Duty 
2J  cents  per  lb." 

A  very  light  colored,  moist  sugar,  having  a  good  grain  and  a  very 
bright  crystalline  appearance. 

e  =  0.25;  a   =       40^.6; 

d=  1.1031;         a'' =  —12^; 
f  =76^.5  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  94.36. 

87.  Received  from  the  custom-house,  New  York,  marked "  Im- 
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ported  in  brig  Elizabeth,  from  St.  CroiZ)  August  11,  1846,  by  Ezra 
Whitmore,  13  hhds.  sugar,  marked  AL.     Duty  2}  cents  per  lb.'' 

A  ligbt  yellow,  moist  sugar,  having  a  good  grain  and  a  bright 
crystalline  appearance;  had  lumps  occurring  throughout. 

e  =  0.25;  a   =       39.; 

d=  1.1026;         a"  =  —  12^.6; 
f  =66^.6  F.;     n  =       0.9. 

Per  cent,  of  cane  sugar,  92.83. 

88.  Received  from  the  custom-house,  New  York,  marked  "  Im- 
ported in  the  schooner  Abisha  Jenkins,  from  St.  Croix,  September 
6,  1846,  by  Aymar  &  Co.,  5  hhds.  brown  sugar,  marked  H  A  W. 
Duty  2^  cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  bright  crys- 
talline appearance. 

e  =  0.26; 
d=  1.1048; 
^  =  76°. 5  F.; 

Per  cent,  of  cane  sugar,  95.82. 

Muscovado  sugar  from  Porto  Rico, 

89.  Received  from  the  Philadelphia  custom-house.  A  light  col- 
ored and  rather  moist  sugar. 

e  =  0.25  a   =       39^.5; 

d=  1.1007;       a"=  —  12^.1; 
t=  18°  C;       n    =        0.9. 

Per  cent,  of  cane  sugar,  92.79. 

90.  Received  from  the  Philadelphia  custom-house.  A  moist  yel- 
low sugar,  having  a  rather  good  grain;  interspersed  with  lumps  of 
a  darker  color. 

6  =  0.25;  a    =       38°; 

d=  1.0964;         a"=—  10°. 9; 
^  =  27°  C;         n   =        0.9. 

Per  cent,  of  cane  sugar,  88.27. 

91.  Received  from  the  custom-house,  Philadelphia.  A  moist 
yellow  sugar,  of  good  grain. 

6  =  0.25;  a    =        38°. 7; 

d=  1.0985;         a"  =  —10°. 9; 
t  =  19°  C;         n    =        0.9. 

Per  cent,  of  cane  sugar,  89.33. 
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92.  Received  from  the  Philadelphia  custom-house.  A  T€ry  light 
colored}  moist  sugar,  having  a  fine  grain*    . 

«==0.25;  a    =       39^.3; 

i  =  1.0988;         a"  =  —  12^.2; 
f  =  19°  C;         n    =       0.9. 

Per  cent,  of  sugar  cane,  92.84. 
I 

93.  Received  from  the  custom-house,  New  York,  marked  *^ Im- 
ported in  hi\^  Aldrich,  from  Porto  Rico,  September  2,  1845,  by 
Chastelain  &  Ponvert  95  hhds.  sugar;  permitted  without  mark;  25. 
having  no  mark,  and  70  marked  HP;  duty  2^  cents  per  pound.''    * 

A  dingy  yellow,  moist  sugar,  having  a  tolerable  grain,  and  a 
rather  bright  crystalline  af  pearance. 

c  =  0.^5;  a    ==        39^.86; 

d  =  1 .  1023;  '       a"  =  —  IF. 75.; 
/==76<^  F.;         n   =       0.9. 

Per  cent,  of  «ine  sugar,  92.69. 

M.  Received  from  the  custom-house.  New  York,  marked  '^  Im- 
ported in  the  brig  ^Idrich,  from  Porto  Rico,  by  Chastelain  & 
convert,  7  hhds  brown  sugar;  permitted  without  mark;  duty  2| 
«ents  per  pound." 

A  deep  yellow,  moist  sugar,  having  a  tolerable  grain  and  crys- 
talline appearance. 

«5=-0.25; 
d=  1.1052; 
^  =  65^.5  F.; 

Per  cent,  of  cane  sugar,  96.45. 

,  95.  Received  from  the  custom-house.  New  York,  and  marked 
^<  Imported  in  brig  Aldrich,  from  Porto  Rico,  by  JBenjamin  De 
Forest  &  Co.,  17  hhds.  brown  sugar,  marked  HC.  August  29, 1845. 
Duty  2J  cents  per  pound." 

A  dull,  grayish  yellow,  moist  sugar,  having  an  inferior  grain. 

e  =  0.25;  a    =       38.^.7; 

(l=d  1,1042;         o"=  — 11^.2; 
^  =  76°  F.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  89.46. 

96.  Received  from  the  custom-house,  New  York,  marked  ^^  Im* 
ported  in  brig  Aldrich,  from  Porto  Ri<;o,  September  2,  1845,  by 
Chastelain  &  Ponvert,  95  hhds.  brown  sugar;  permitted  without 
xnark;  75  wei-e  marked  IIP;  duty  2^  cents  per  pound." 
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A  clingy  yellow  sugar,  having  a  rather  good  grain  and  crysial- 
ne  appearance.  « 


line  appearance. 


€  =  0.25;  a   =       37°; 

d=  1.1006;         a"=—  10^.35; 
t  =  e6^F/i         n   =       0.9. 


Per  cent,  of  cane  sugar ,  85.05. 

Muscovado  sugar  from  Ponoe^  Porto  Rico*     * 

97.  Received  from  the  Philadelphia  custom-house,  and  marked 
<<  Brown  sugar,  in  hhds.,  per  schooner  Caroline,  from  Ponce,  P. 
R.  Consigned  to  John  Latour  &  Co.;  marked  S  A.  September  3, 
1845. 

Color  light  bro\yn;  flavor  delicate;  grain  most,  but  strong. 

es=0.25;  a   =        40^; 

d=  1.1008;         a"=—  12^; 
^=23<^C.;         n   =       0.9. 

*     Per  cent,  of  cane  sugar,  93.48.  ^ 

98.  Received  from  the  Philadelphia  customhouse,*  marked  ^^Sam- 

fle  of   brown  sugar,  in   hhds.,    per  the   schooner   Caroline,  from 
^once,  P.  R.     Consigned  to  John  Latour  &  Co.;  marked  Q.     Sep- 
tember 2,  1845." 

A  light  yellow,  moist,  strong  grained  sugar. 

6  =  0,25;  a   =        39^.8; 

(i=  1  101;  a'  =  —  13^.2; 

f  =  26^C.;         n   =       0.9. 

Per  cent,  of  cane  sugar,  95.46. 

99.  Received  from  the  Philadelphia  custom-house  marked  ^^Sam- 
ple  of  sugar  in  hhds.,  per  brig  Sidney,  from  Ponce,  P.  R.  Con- 
signed fo  Soutter  &  Broughton;  mark,  F.  S.     September  10,  1845."^ 

A  moist,  brownish  yellow,  strong  grained  sugar;  gritty  between 
the  fingers. 

€  =  0.25;  a    =       40^.1; 

(i  =  ^.l024;         a"=^ll<5.4; 
^=1=75^.5  F.;     n   =       0.9'.       ^ 

Per  cent,  of  cane  sugar,  92.43. 

100.  Received  from  the  Philadelphia  custom  house,  marked. 
«  Sample  of  sugar,  in  hhds  ,  per  the  brig  Sidney,  from  Ponce,  P. 
R.  Consigned  to  Soutter  &  Broughton;  mark  *  Puente  Bajoza^  Z. 
September  10,  1845." 

A  moist,  brownish  yellow,  strong  grained  sugar.  •    ' 
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.       e  =  0.36;  a  =       38*.l; 

d=  1.0981]         a"  ==—10^.4; 
\  t=.l6''  F.;        n   =       0.9. 

Per*cent.  of  ca»e  sugar,  87.27. 

*  101.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^  Sample  of  brown  sugar,  in  hhds.,  per  the  schooner  Caroline, 
from  Ponce,  P.  R.  Consigned  to  John  Latour  &  Co.;  marked  V. 
September  2,  1845." 

A  moist,  light  brown  sugar,  having  a  good  grain. 

e  =  0,25;  a   =       38^.9; 

d  =1.1006;         a"=— 11<^.2; 
^===75^.7  F.;      n   =       0.9 

Per  cent,  of  cane  sugar,  90.03. 

102.  Received  from  the  Philadelphia  custom-house,  and  marked 
'^Sample  of  sugar,  in  hhds.,  per  the  brig  Sidney,  Ponce,  P.  R. 
Consigned  to  Soutter  &Broughton;  mark,  C.  September  10, 1845^" 

A  brownish  yellow,  moist  sugar,,  having  a  tolerable  grain. 

e  =  0.25;  a   =       38^.7; 

d=^  1.0997;         a"  =  —100.8; 
f  =  77^.5  F.;.     n   =       0.9. 

Per  cent,  of  cane  sugar,  88.95. 

103.  Received  from  the  Philadelphia  custom-house,  and  marked 
^^Sample  of  brown  sugar,  in  hhds.,  per  schooner  Caroline,  from 
Ponce,  P.  H.  Consigned  to  John^  Latour  &  Co.;  marked  ^A.  L. 
QuemadoJ     September  2,  1845." 

A  light  brown,  moist  sugar;  grain  good;  gritty  between  the 
fingers. 


^=1.0982;' 

7=78°  F.j 

«  =      39°; 
a"  =  _llo. 

n  =      0.9. 

r  cent,  of  cane  sugar,  90. 

104.  Received  from  the  New  York  custom-hou^e,  and  marked 
"Imported  in  brig  Overman,  from  Ponce,  P.  R.,  August  16,  1845, 
by  P.  Harmony  &  Co.,  35  hhds.  sugar,  marked  [Quemado,  A.  L.J 
Duty  2^  cents  per  pound."  / 

A  light  yellow,  slightly  moist  sugar;  grain  good. 

e  =  0.25;  a  =     40^; 

d  =  1.1023;         a"  =  — 1P.2; 
f=79^F.;  n  =       0.9. 

Per  cent,  of  cane  sugar,  91.85. 
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105.  Received  from  the  New  York  custom-house/  and  marked, 
"Imported  in  brig  L'Orient,  from  Ponce,  P.  R.,  September  5, 1845, 
by  Uewland  &  Aspinwal,  48  hhds.  broWn  sugar,  marked  Silvester 
Solasy  Ponce^  P.  R,     Duty  2J  cents  per  pound.'' 

A  light  yellow,  quite  dry  sugar;  gr&in  good. 

€  =  0.25;  a  =      41°: 

'  d=  1.1035;         a"==— ir.3; 

^=82°. 5  F.;      n  =^       0.9, 

Per  cent,  of  cane  sugar,  93.70. 

106.  ReceiJired  from  the  New  York  custom-house,  marked  "Im- 

Eorted  in  brig  Overman,  from  Ponce,  P.  R,  August  16,  f845,  by  P. 
[armony,  Nephews  &  Co.,  17  hhds.  sugar,  marked  M.  P.  R.    Duty 
2^  cents  per  pqund." 

A  light  yellow,  moist  sugar;  grain  rather  good. 

6=0.25;  a  =       38°. 4; 

d  =  l.l01;  a"==— 10°.7; 

f  =77^.5  F.;      n  ==      0.9. 

Per  cent,  of  cane  sugar,  88.31. 

107.  Received  from  the  custom-house.  New  York,  marked  "Im- 
,ported  in  the  brig  L'Orient,  from  Ponce,  P.  R.  September  5,  1845, 
by  H.^Southmayd  &  Son,  85  hhds.  brown  sugar,  marked  Fortune. 
Duty  2 J  cents  per  pound.'''  ^' 

A  yellow-colored,  moist  sugar,  with  a  tolerable  grain. 

e=0.25;  a  =  '    46^.65; 

d=  1.1054;         a"  =  —12°. 55; 
^=62°.7  F.;      n  =       0.9. 

Per  cent,  of  cane  sugar,  95,37. 

108.  Received  from  the  custom-house.  New  Yoflrk,  marked  "Im- 
ported in  the  brig  L'Orient,  from  Ponce,  P.  R.,  September  5,  1845, 
by  Rowland^  &  Aspinwal,  70  hhds.  brown  sugar,  marked  E.  Duty 
2|  cents  per  pound." 

A  light-yellow,  moist  sugar,  having  only  a  tolerable  grain,  and  a 
rather  bright  crystalline  appearance. 

e=0.25j  a  =       38°; 

d  =  1.1037;         a"  =  — 12^.68. 
^  =  62°. 8  F.;      n  =      0.9. 

Per  cent,  of  cane  sugar,  91.1. 

109.  Received  from  the  New  York  custom-house  and  marked 
^Imported    in  brig^  L'Orient,  from   Ponce,  P.  R.,  September  fi, 
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1845,  by  Howland  &  Aspinwal,  17  hhds.  brown  sugar,  marked  M. 
Y.  G.  Duty  2i  cents  per  lb-" 

A  light  yellow,  moist  sugar;  grain  rather  inferior,  and  appear* 
ance  dull. 

e  =0.25,-  a  =£      39°.6; 

d  =  1.103-  a"=*— 1P.7;      . 

^^=81^5  F.  .     n  =      0.9. 

Per  c^t.  of  cane  sugar,  92. 

110.  Received  from  the  custom-house,  New  York,  and  marked 
"Imported  in  brig  Overman,  from  Ponce,  P.  R.,  Au^st  26,  1846, 
by  P.  ^Harmony  &  Co.,  14  hhds.,  marked  Perseverancia^  L.  C. 
Duty  2^  cents  per  lb." 

A  Hg4it  djull  yellow,  moist  sugar,  having  only  a  tolerable  grain^^ 
and  rather  crystalline  appearance. 

€=0.25;  a  =      40°; 

d  =  1.1071;         a"  =  — 12^.1; 
^=62*^  F.J        71  =      0,8. 

Per  cent,  of  cane  sugar,  93.18. 

111.  Received  from  the  custom-house,  Baltimore,  and  marked 
"Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  17  hh#s.,  BV; 
to  Withington  &  Eastman," 

A  dingy  yellow,  moist  sugar,  having  a  good  grain,  and  a  crys- 
talline appearance. 

e  =  Og25;  a   =       39^; 

d=  1.1021;         a"=  —  12^.4; 
t  =  65^.2  F.;     n  =        0.9. 

Per  cent,  of  cane  sugar,  92.4*3. 

112.  Received  from  the  custom-house,  Baltimore,  and  marked 
"Schooner^m.  Allen,  Ponce;  13  hhds.,  *  I^a6e//(x;'  to  Kirkland, 
Chase  &  Co.     September  24,  1845.'^ 

A  yellow, 'moist  sugar,  having  a  rather  good  grain,  and  a  crys- 
talline appearance. 

e  =  025;  a  =^        38^.7; 

d=  1.1089;         a"=  — 11°.3; 
•      t  =  61^.  F.;       n  —       0.9; 

Per  cent,  of  cane  sugar,  89.19. 

113.  Received  from  the  custom-house,  Baltimore,  and  marked 
"  Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  16  bbls.,  P. 
M.;  to  Withington  &  Eastman." 

A  deep  yellow,  moist  sugar,  having  a  good  grain,  and  a  rather 
crystalline  ap'pearance. 
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e  =  0,25;  a   ==       36^.7; 

d=  1.101;  ^"=—  110.4; 

/  =  68^.9  F.;     n  =       0.9. 

'  Per  cent,  of  cane  sagar,  86.54. 

114.  Received  from  the  custom- house,  Baltimore,  and  marked 
<<  Schooner  Hope,  Ponce,  P.  R.,  September  3,  1845;  34  hhds.,  J. 
H^  C;  to  Withington  &  Eastman."  , 

A  light  yellow,  moist  sugar,  haying  a  good  grain,  and  a  bright 
crystalline  appearance.  ^  * 

6=0.25;  a  =       36«>:8; 

d=  1.1012;  a"  =  —11.16; 

f  =  58«F.;         n,=       0.9. 

Per  cent,  of  cane  sugar,  86.26. 

Muscovado  sugar  from  Mayagwz^  P.  R. 

115.  Received  from  the  Philadelphia  custom-house,  and  marked 
"Sample  of  su^ar.  from  Mayaguez,  per  schooner -Nonpareil,  Cap- 
tain Homer.  Consigned  to  Mason  &  Kirkland.  Marked  G.,  11 
hogsheads. 

A  ye^ow,  moist  sugar,  of  a  good  grain;  gritty  between  the  fin- 
gers. 

e  =  0  25;  a  =        40^.7; 

d=  1.100;  a"  =—11®; 

t  =  82^  F.;         n  =        (X9. 

Per  cent,  of  cane  sugar,  92.85. 

116.  Received  from  the  custom-house,  New  York,  and  marked 
^^  Imported  in  brig  Port  Leon,  from  Mayaguez,  P.  R.,  September 
2d,  1845,  by  J.  W.  Cudbert,5  hhds.  .of  sugar,  marked  B.     Duty  2^ 

vcents  per  pound."  • 

A  moist,  ligl\t  yellow  sugar,  having  a  rather  good  grain;  tolera- 
bly gritty  between  the  fingers. 

e  =  0.25;  a  =        40^; 

i=  1.1006;         o"=  — 11^.3; 
t  =  8i°.5  F.;     n  =        0.9. 

Per  cent,  of  cane  sugar,  92.15. 

117»  Received  from  the  custom-house,  New  York,  and  marked 
^^  Imported  in  brig  Port  Leon,  from  Mayaguez,  P.  R.,  September 
22,  1845,  by  J.  W.  Cudbert,  10  hhds.  brown  sugar,  marked  Ro- 
sella.     Duty  2^  cents  per  lb." 

A  yellowish  white  sugar,  qi^ite  moist,  and  having  a  rather  infe- 
rior grain. 
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e  =  0,25;  ,a  =±       39^.7; 

d  =1.1003;         a"=  — 11°'.2; 
<  =  82^.6  F.;      n=       0.9. 

Per  cent.. of  cane  sugar,  91.68. 

118.  Received  from  the  New  York  custom-house,  and  marked 
'^Barque  Texidor,  Clark,  master,  from  Mayague2,  P.  R.,  arrivedl 
September  6,  1845;  15^hhds.  brown  sugar,  imported  by  Maitland^ 
Comrie  &  Co.;  duty  2"cents  per  pound." 

A  light  yellow,  slightly  moist  sugar,  of  a  rather  good  grain.  ' 

«=0.25;  a  =       39^8; 

d=  1.1031;         a"  =—11^.25, 
t  =77^.5  F.;    n  =       0.9.       ' 

Per  cent,  of  cane  sugar,  91.52. 

119.  Received  from  the  custom-house.  New  York,  marked  ^^  im- 
ported in  the  schooner  Tuscarora,  from  Mayaguez,  P.  R.,  Septem- 
ber 8,  1845,  by  Mason  &  Thompson,  22  tierces  brown  sugar^ 
marked  A;  duty  2^  cents  per  pound." 

A  light  yellow  sugar,  of  a  dull' appearance,  and  having  an  infe* 
rior  grain. 

«=0.25;  a  =       40M; 

d=  1.1044;         o"=  — 12°.34; 
t  =  61^.2  F.;     71  =       0.9. 

Per  cent,  of  c?ine  sugar,  94.1.  '      . 

120.  Received  from  the  custo^i•  bouse.  New  York,  marked  ^^Im- 
ported  in  schooner  Tuscarora,  from  Mayaguez,  P.  R.,  September  8| 
1845,  by  Mason  &  Thompson,  10  hhds.  brown  sugar,  marked  Jo- 
sefa^  duty  2 J  cents  per  pound." 

A,  little  fellow,  moist  sugar,  having  a  rather  good  grain  and 
bright  crystalline  appearance. 

€  =  0.25;  a   =       .41^; 

rf=  1.1057;         a"  =  —12^.3; 
.  tz=z  60^.8;  n    =       0.9. 

^er  cent,  of  cane  sugar,  95.39. 

121.  Received  from  the  New  York  custom-house,  and  marked 
'^Imported  in  the  schooner  Tuscarora,  from  Mayaguez,  P.  R.j 
September  8, 1845,  by  Mason  &  Thompson,  21  hhds.  brown  sugar, 
marked  C." 

A  light  yellow  moist  sugar;  grain  tolerable,  and  a  rather  bright 
rrystafline  appearance. 

e==0.25;  a    =        41^.?; 

rf=  1.109;  «"=  — 12«>.;  • 

/=7£^  F.;         n   =       0.9.     . 
Per  cent,  of  cane  sugar,  94.95. 
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122.  Received  from  the  custom-house,  New  York,  marked  "  Im- 

Jorted  in  the  schooner  Tuscarora,  from  Mayaguez,  P,  R.,  Septem* 
er  8,  1845,  by  Mason  &  Thompson,  43  hhds.  brown  sugar,  marked 
MB;  duty  2^    cents  per  pound." 

A  rather  deep  yellow,  moist  sugar,  having  only  a  tolerable  grain, 
and  crystalline'appearance. 
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• 

123.  Received  from  the  custom-bouse,  Boston,  marked  ^^  Sample 
of  88  hhds.  brown  sugar,  imported  into  Boston,  from  Mayaguez,  in 
the  brig  Archelaus,  by'Crocker  &  Sturgis,  August  ^8,  1845;  duty  2^ 
cents  per  pound." 

•  A  light  yellow,   moist   sugar,   having  a   tolerable  grain,  and  a 
rathe^  bright  crystalline  appearance. 

€=0.25;  a    =        39^7; 

d=  1.10475;       a"  =  —12^44; 
t==  64°. 3  F.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  93.48. 

124 .{[Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  132  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez, 
in  the  barque  £d.  Eippoch,  by  Robeft  Bailey,  September  4,  1845; 
duty  2J  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  tolerable  grain,  and  rather 
bright  crystalline  appearance. 

e=0.25;      .        a    =        39^.7; 
d=  1.1042;         a"=  — 12°.33; 
^  =  64°. 9  n   =        0.9. 

Per  cent,  of  cane  sugar,  93.36. 

125.  Received  from  the  Boston  custom-house,  and  marked  ^'Sam- 
ple of  .41  hhds.  brown  sugar,  imported  into  Boston  from  Maya- 
guez, in  tlie  brig  Archelaus,  by  Crocker  &  Sturgis,  August.  3^,  1846; 
duty  2^  cents  per  pound." 

A  yellow,  moist  sugar,  of  a  tolerable  grain;  rather  bright  crys* 
talline  appearance. 

€  =  0.25;  a    =        38^7; 

dz=  1.1046;         o"  =  —  10^.5; 
^  =  85^F.;         n   =       0.9. 

Per  %ent.  of  cane  sugar,  88. 
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126.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  9  hhds.  of  bwwn  sugar,  imported  into  Boston  from  Mayaguez,  ^ 
in  the  barque  £d.  Eippoch,  by  Robert  Bailey,  September  4,   1845; 
duty  2j^  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and 
bright  crystalline  appearance. 

6  =  0.25;  a   =       39^.67; 

d=  1.1045;         o"=  — 11°.2; 
^  =  64^.9  F.;     n   ==       0.9. 

Per  cent,  of  cane  sugar,  91.14. 

127.  Received  fron  the  custom-house,  Boston,  marked  ^'Sample 
of  24  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez,  in 
the  barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1845; 
duty  2\  cents  per  pound." 

A  light  yellow,  most  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

6  =  0.25;  a    =       39°. 3; 

i=  1.103;  a"=  —  11°. 2; 

^=67°F.;  n    =        0.9. 

Per  cent,  of  cane  sugar,  90.21. 

128.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  53  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez,  in- 
the   barque  Ed.    Kippoch,    by  Robert *Bailey,   September  4,  1846; 
duty  2\  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

6  =  0.25;  a    =x=       40°. 48; 

d=  1.1026;         a"=  —  12°.62; 
t=z  69°. 3  F.;      n    =       0.9. 

Per  cent,  of  cane  sugar,  95.36. 

129.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  21  hhds.  brown  sugar,  imported  into  Boston  from  Mayaguez  in 
the  barque  Ed.  Eippoch,  by  Robert  Bailey,  September  4,  1845^ 
daty  2\  cents  per  pound." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and  a 
bright  crystalline  appearance. 

6  =0.25;       .      a   =        38°. 4; 
d=  1.0993;         o"=  —  11°; 
t  =  83°  F.;         n   =       0.9. 

Per.  cent  of  cane  sugar,  88.88. 

130.  Received  from  the  custom-house,  Bostoi^,  marked  ^'  Sample 
of  20  hogsheads  of  brown  sugar,  imported  into  Boston  from  Maya-» 
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guezy  in  the  barque  Ed.   Kippoch,  by  Robert  Bailej)  September  4, 
*  1845;  duty  2J  cents  per  pound." 

A  bright  yellow,  moist  sugar,  having  a  very  good  grain  for  mw- 
covado,  and  a  bright  crystalline  appearanpe. 

€  =  0.25;  a    ==       37^42; 

d^  1.0996;      -o"  =  —  11^,38; 
^=  71^.8  F.;    n    =      0.9. 

Per  cent,  of  cane  sugar,  87.85. 

131.  Received  from  the  custom-house,  Boston,  marked  '^  Sample 
of  44  hogsheads  of  brown  sugar,  imported  into  Boston  from  Maya- 
guez,  in  the  barque  £d.  Kippoch,  by  Robert  Cailey,  September  4, 
1846;  duly  2J  cents  per  pound.'' 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

6=0.25;  a   =       39'*.4; 

d=  1.1055;      ,  a"  =  —  12^.3; 
t  =65^.6  F.;     n   =      0.9. 

Per  cent,  of  cane  sugar,  92..71. 

132.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  17  hogsheads  of  brown  sugar,  imported  from  Mayaguez,  in  the 
barque  Ed.  Kippoch,  by  Robert  Bailey,  September  4,  1815;  duty 
5J  cents  per  pound.^' 

A  light  yellow,  moist  sugar,  having  only  a  tolerable  grain;  crys^ 
tals  small. 

6  ==  0  25;  a  =       40^.54; 

d  =  1.1041;         a"  =  —11^.5; 
t  =  65^.2  F.;     n   =       0.9. 

Ptr  cent,  of  cane  sugar,  93.20. 

133.  Received  from  the  custom-house,  Baltimore,-  marked 
"  Schooner  Gallant  Mary,  Mayaguez,  P.  R.,  August  28,  1845^  M.; 
to  Kirkland,  Chase  &  Co." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and 
bright  crystalline  appearance;  large  lumps  of  a  dark  color  occur- 
ring frequently. 

€  =  0.25;  a   =       38^,4; 

d=  1.1030,-       a"  =  —  10^.5; 
t  =65^.2  F.;     n  =        0.9. 

Per  cent,  of  cane  sugar,  87.65. 

134.  Received  from  the  custom-house,  Baltimore,  marked 
"  »>ichooner  Gallant  Mary,  Mayaguez,  P.  R.,  August  28,  1845,  *Jo- 
sept;    .c  EirkUnd,  Chase  &  Co." 

A  light  yellow,  slight!*^  moist  sugar,  haviog  a  good  grain,  and  a 
bright  crystalline  appearance. 
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e  =  0.25,;  a  =       38<>.8; 

d=  1.1064;        a"  =  — 11«>.3. 
t  =  63^.8  F.;     n  =       0.9. 

Per  eent.  of  cane  sugar,  89.66. 

135.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Waterwitcb,  Mayaguez,  Dukey,  46  hogsheads,  to  Kirkland,  Chase, 
&  Co.;  September  19,  1845." 

A  light  ytllow,  very  moist  sfigar,  having  a  tolerable  grain,  and  a 
bright^  crystalline  appearance. 

e  =  0.25;  a  =       38^.8; 

d=:  1.1014;        a"=  —12^; 
^=68'=.7F.;     «=       0.0. 

Per  cent^  of  cane  sugar,  91.43. 

136.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Waterwitcb,  from  Mayaguez,  'JV*a<2a/,^45  hogsheads^  to  Kirkland, 
Chase  &  Co.;  September  19,  1845." 

A  light  yellow,  and  very  moist  sugar, having  a  rather  good  grain, 
and  a  bright  crystalline  appearance. 

e  =  0.25;  a=       38^.1; 

d  =  1.10275.      a"  =  —  11^.1;    . 
t  ='67^  F.;        n=       0.9. 

Per  cent,  of  cane  sugar,  88.27. 

137.  Received  from  the  custgm-bouse,  Baltimore,  marked  ^^  Brig 
Waterwitcb^  from  Mayaguez,  Amistad  TDy  36  hogsheads,  to  Kirk- 
land, Chase  &  Co.;  September  19,  1845^." 

A  very  light  yellow,  moist  sugar,  having  a  rather  good  grain, 
and  a  bright  crystalline  appearance. 

6=0.25;  a=       39^8; 

d=  1.1071;        a"  =  —11^.7; 
t  =51^.6  F.;    n=       0.9. 

.  Per  cent,  of  cane  sugar,  92.09. 

138.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Waterwitcb,  Mayaguez,  P.  R.,  Y,  9  hhds.,  to  Kirkland,  Chase  & 
Co.;  September  19,  1845.'' 

A  light- colored,  moist  sugar,  having  a  yery  good  grain,  and  a 
bright  crystalline  appearance. 

.    «=0.75;  a=       40^; 

d=  1.1067;       o"  =—12^.4; 
^    /=  66^.2  F.;     n—       0.9. 

Per  cent,  of  cane  sugar,  93.73. 

139.  Received  from  the  custoQi-house,  New  YcTrk,  n^arked  ^^  Im- 
ported in  brig  Port   Leon,  from  Maya?uez,  P.  R..   September  28, 
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1845,  by  J.  W.  Cudbert,  10  fahds.  brown  sugltr,  marked  RM;  duty  I 

2J  cents  per  pound."  I 

A  light  yellow,  moist  sugar,  having  a  tolerable  grain,  with  small 
(   hard  lumps  occurring  frequently. 

6  =  0.25;  a=       37°.6;  ,  I 

d  =^1.1009;       o"  =  — 9^.9;  I 

/  =  65^.8  F.;    n=       0.9.  | 

Per  cent,  of  cane  sugar,  85.  ^ 


Muscovado  sugar  from  Guayama^  P.  R, 

140.  Received  from  the  New  York  custom-house,  and  marked 
"  Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845, 
marked  Enrequeta^  Guayama^  AH;  122  hhds.  brown  sugar,  imported 
by  B.  DeForest  &  Co.;  duty  2J  cents  per  pound. '^ 

A  deep  yellow,  moist  sugar;  grain  good,  and  gritty. 

e  =  0.25;  a   =      40°; 

d  =  1.1017;        a"  =— ll°.l; 
^  =800  F.;        ^    _      0.9. 

Per  cent,  of  cane  sugar,  91.64. 

141.  Received  from  the  New  York  custom-house,  and  marked 
"  Imported  in  brig  Ansonia,  from  Guayama,  P.  R.,  September  6, 
1^45,  by  Chastelain  &  Ponvert,  145  hhds.  brown  sugar;  duty  2J 
cents  per  pound. '^ 

A  dull  yellowish-white,  moist  sugar,  of  an  inferior  grain;  lumps 
of  pasty  sugar  occurring  in  it. 

e  =  0.25;  a    =      38^.2;   ' 

d  =  1.1001;        a"  =  —  11°; 
t  =790  F.,         n    =      0.9.    . 

Per  cent,  of  cane  sugar,  88.48. 

142.  Received  from  the  custom-house.  New  York,  and  marked 
"  Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845; 
jSJV,  13  bbls.  brown  sugar;  if**  Concordia  Guayama^  P.  -R.,  7  hhds. 
brown  sugar,  imported  by  G.  Wheelwright ;  duty  2J  cents  per 
pound." 

A  deep  bright  yellow,  moist  sugar;  grain  good. 

e  =  0.25;  a   =      40^.1; 

d  =  1.1030;        a"  =  —  11^.2; 
t  =  82°.5;  n  =      0.9. 

Per  cent.*  of  cane  sugar,  91.92. 

143.  Received  from  the  custom-house,  New  York,*  and  marked 
^<  Imported  in  brig  Russia,  from  Guayama,  P.  R.,  August  28,  184^^ 
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by  J.  B.  Lasala  &  Co.^  33  hhds.  sugar,  marked  C;  duty  2^  cents 
per  pound." 
A  deep  yellow,  moist  sugar,- of  good  grain. 

e  =  0  2&;  a   =      41^  1; 

d  =  1.1045;         o"=— 11^.6; 
t  =86°,5F.;      n  =      0.9. 

Per  cent,  of  cane  sugar,  94.42. 

144.  Received  from  tbe  New  York  custom-house,  and  marked 
^^  Imported  in  brig  Russia,  from  Guayama,  P.  R.,  August  28, 1845, 
by  J.  B.  Lasala  &  Co.,  32  hhds.  brown  sugar,  marked  HRP;  duty 
2^  ceDts  per  pound." 

A  light  yellow  moist  sugar,  having  ft  rather  hard  grain;  crystal- 
line appearance  somewhat  dull. 

6  =  0.25  a  =       390.65 

d=  1.1005;      0"=—  11°; 
t  =830F.;        n  =      0.9. 

Per  cent,  of  cane  sugar,  90  95.  4 

145.  Reeeived  from  the  custom-house,  New  York,  marked,  ^^Im- 

Jorted  in  brig  Russia,  from   Guayama,  P.  R.,  August  28,  1845,  by 
.  B.  Lasala  &  Co.,  35  hhds.  sugar,  marked  Monserrati,     Duty  2^ 
cents  per  lb." 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  a  rather 
bright  crystalline  appearance. 

6  =  0.25  a  =       39^.6; 

d=  1.1041;      a"—       11<>.95; 
t  =66^.4  F;   n  =       0.9. 

Per  cent,  of  cane  sugar,  92.43; 

146.  Received  from  the  custom-house.  New  York,  marked  '^Im* 
ported  in  brig  Ansonia,  from  Guayama,  P.  R.,  September' 6,  1845, 
toy  ^Benjamin  DeForest  &  Co.,  11  hhds.  sugar,  marked  DFXC. 
Duty  2i  cents  per  lb." 

A  dull  yellow,  very  moist'  sugar,  having  an  inferior  grain  and  a 
pasty,  mealy  ieeling  when  rubbed  between  the  fingers;  flight  and 
dull  crystalline  appearance. 

«  =  025;  a=      38^.2; 

d=  11035;      a"  =—12^.7;      . 
t  =66^.4  F.;    n  =       0.9. 

Per  cent,  of  cane  sugar,  91.52» 

147.  Received  from  the  New  York  custom-house,  and  marked 
"^*Brig  Wallace,  from  Guayama,  P.  R.;  arrived  September  3,  1845; 
14  hhds.  brown  sugar;  imported  by  Chasteiain  &  Ponvert.  Duty 
2J  cents  per  lb." 

A  deep  yellow,  moist  sugar,  having  a  tolerable  grain  |ind  qrys- 
^alTine  appearance. 
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e  =  0.25;  a  =      39«.8; 

d=  1.1016;       o"  =  —  10^.9; 
^  =84^  F.;        n—      0.9. 

Per  cent,  of  cane  sugar,  90.90. 

148.  ReceWed  from  the  New  York  custom-house,  and  marked 
^^  Imported  in  brig  Ansonia,  from  Guayama,  P.  R.,  September  6, 
180,  by  Chastelain  &  Ponvert,  19  barrels  sugar.  Duty  2A  cents 
per  lb." 

Rather  dark  yellow  and  very  moist  sugar,  of  an  inferior  grain; 
appearance  crystalline. 

e  =  0.25;  a=       36M; 

d.^  1.099;         0'^  =  — 12.9; 
^  =55^.8  F.;    n=      0.9. 

Per  cent,  of  cane  sugar,  88.90. 

Muscovado  sugar  from  Guayanilla, 
9 

149.  Received  from  the  New  York  custom-house,  and  marked 
^^  Imported  in  brig  Betsey  and  Jane,  from  Guayanilla,  September 
10, 1845, by  Maitland,  Comrie  &  Co.,  22  hhds.  brown  sugar,  marked 
L.     Duty  2J  cents  per  lb." 

e  =  0.25;  a  =       39^.38; 

d=  1.1023;        a"  =—15^.4; 
t  =69^,6  F.;    n   =      0.9. 

Per  cent,  of  cane  sugar,  93.12.  * 

150.  Received  from  the  custom-house.  New  York,  marked  ^^  Im- 
ported in  brig  Betsey  and  Jaae  from  Guayanilla,  September  10, 
1845,  by  Maitland,  Comrie  &  Co.,  95  hhds.  brown  sugar,  marked 
MS.  ^  Duty  2^  cents  per  lb. 

A  deep  /yellow,  moist  sugar,  having  a  good  grain  and  large  crys- 
tals. 

e  =  0.25;  a   =f       38^15; 

d=  1.105;  a"=—  11^.6; 

t  =60^F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  89.17. 

151.  Received  from  the  custom*house,  New  York,  marked  ^^  Im- 
ported in  brig  Betsey  and  Jane,  from  Guayanilla,  September  10, 
1845,  by  Maitland,  Comrie  &  Co.,  47  bbls.  brown  sugar  marked 
YH.     Duty  2J  cents  per  lb." 

A  dull  yellow,  moist  sugar,  having  only  a  tolerable  grain. 

e  =  0.25;  o   =       39*', 7; 

'd=  1.1096;         o"=— 12*; 
t  =69«  F.;         n    =       0.9.  * 

Per  cent,  of  cajoe  sagar,  92.90. 
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I 

152.  ReceiTed  from  the  New  York  custom-house,  and  marked 
^'Imported  in  bri^  Betsey  and  Jane,  from  Gaayanilla,  September 
10,  1846^  by  Maitland,  Comrie  &,  Co.,  17  hhds.  brown  sugar, 
marked  M.     Duty  2^  cents  per  lb." 

A  dull  yellow  and  very  moist  sugar,  having  a  tolerable  grain 
and  a  crystaline  appearance;  lumps  af  a  darker  color  occurring 
in  it. 

6  =  0.25;  a    =       38^.5; 

d=  1.0991;         a"  =  —  10^.8; 
^=76^.1;  n    =       0.9. 

Per  cent,  of  cane  sugar,  88.71. 


Mu8C0vado  sugar  from  Jirecibo,  P\  R. 

153.  Received  from  the  custom-house.  New  York,  marked  ^^  Ar- 
rived August  4, 1845;  samples  of  brown  su^ar,  per  bri^  Margaretta, 
frem  Arecibo,  P.  R.     Imported  by  F.  S.  Schlesinger." 

A  light  yellow,  moist  sugar,  having  a  rather  good  grafti  and  a 
rather  Dright  crystalline  appearance. 

e=0.25;  a    =       41^.1; 

d  =  1.102;  a"  =—11^.7; 

^  =80^F;  n    =       0.9. 

Per  cent,  of  cane  sugar,  94  74. 

154.  Received  from  the  custom-house,  Baltimore,  marked  ^^Brig 
Commerce,  Arecibo,  HL,  29  hhds.,  to  William  Howell  &  Son, 
September  13,  1845.'' 

A  very  light  yellow,  quite  dry  sugar,  having  a  bright  crystalline 
appearance  and  a  very  good  grain. 


e«=0.25; 

a   =       40<>.l; 

d=  1.1032; 

o"  =  — ll^.C; 

t  =  710; 

n  =       0.9. 

Pex^  cent,  of  cane  sugar,  92.69. 

155.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
flommerce,  Arecibo,  ^  Puente' BdgasaJ  To  Wm.  Howell  &  Son. 
September  13,  1845.'' 

A  light  yellow,  moist  sugar,  having  a  very  good  grain  and  a 
bright  crystalline  appearance. 

•«  =  0.25  a    =       39<^.4; 

il=  1.101;         a' ==—11^; 
t  =72^.4  F.;7i    =        0.9. 

Per  cent,  of  cane  sugar,  90.49. 
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156.  Received  from  the  custom-house, Baltimere,  marked  "Brig 
Commerce,  Arecibo,  HABRA^  11  hhds.^  Howell  &  Son.  Septem- 
ber 13,  1845."  •  ^     ^ 

A  ligfht  yellow,  moist  sugar,  having  a  good  grain  and  a  bright 
crystalline  appearance. 

e  =  0.25;  a    =        38^; 

d=  1.101;  .  a"=—  11*?. 6; 

t  =64?.6  F.;       n   =        0.9. 

Per  cent,  of  cane  sugar,  89.21. 

157.  Received  from  the  custom-house,  Baltimore,  marked  "  Brig 
Commerce,  Arecibo,  SB,  9  hhds.,  to  Wm.  Howell  &  Son.  Sentem- 
berl3,  1845.«  .  ^ 

A  light  yellow,  moist  sugar,  having  a  good  grain  and  bnght 
crystalline  appearance. 

e  =  0.25;  a    =       37^.5; 

•  d  =  1.1006;  a"  =  —  11^.8; 

t  =63^.6  F.;     n   =       0.9. 

Per  cent,  of  cdne  sugar,  88.83. 

158.     Received  from  the  custom-house,  Baltimore,  marked  "  Brig 
Frances  Jane,  Arecibo,  ^  E$peranza y^  to  Kirkland,    Chase    &  Co 
August  18,  1846. 

A  light  yellow,  rather   dry  sugar^  having  a  very  good  grain*  and 
a  bright  crystalline  appearance. 

e  =  0.25;  a    ==       41^.2^ 

d=  1.1064;         a"  =  —11^.9; 
^=68^  F.;         n  =       0.9.  ' 

.    Per  centi  of  cane  sugar,  94.98. 

159.  Received  from    the  Baltimore  custom-house,  and    marked 
"Brig  Commerce,   from   Arecibo,   St.   Francisco,  30  hhds.     Wm 
Howell  &  Son.     September  13,  1845."       * 

A  very   light  yellow,  moist  sugar,  ha|ring  a  good  grain  and   a 
bright  crystalline* appearance. 

e  =  0.,25;  a    =       40*^.3; 

d=  1.1022;         a"=—  11<>.5; 
t  =75^.4  F.;     n    =        0.9.  ^ 

Per  cent,  of  cane  sugar,  92.96. 

160.  Received  from  the  Qustom-house,  Baltimore,  marked  "  Brig 
Commerce,  Arecibo,  P.  R.,  September  13,1845,23  hhds.,  HC  To 
Wm.  Howell  &  Son.''  ' 
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A  diagy  yellow,  rather  dry  sugar,  having  a  good  grain  and  acrys- 
illine  appearance. 


talline  appearance. 

e  =0.26;  a  =      38^.7; 

(i=:  1.1071;         o"=— irS;  * 

t  =  62^.6  F.;     n  =  .  0.9. 

Per  cent    of  cane  sugar,  89.75. 

A 

161.  Received  from  the  Baltirpore  custom-house,  and  marked 
"  Brig  Commerce,  from  Arecibo,  P.  R.— ASA,  4  hhds.  To  Wil- 
liam Howell  &  Son.     September  13,  1846." 

A  light  yellow,  and  quite  dry  sugar,  having  a  good  grain,  and  a 
rather  bright  crystalline  appearance;  lumps  of  a  harder  grain  oc- 
curring frequently. 

e  =  0.25;  a  =      39^.5; 

d=  1.1007;         a"  =  --11^.1; 
t  =  76°  F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  90.85. 

162.  Received  from  the  custom-house,  Baltimore,  marked  ^^  Brig 
Commerce,  Arecibo,  P.  R.  ^  Monte  Grande^^  17  hhds.  Wm.  How- 
ell &  Son.     September  13,  1846." 

A  yellow,  moist  sugar,  having  a  rather  good  grain  and  a  crystal* 
line  appearance. 

e  =  0.26;  a   =       38°; 

d=  1.0997;         a"  =  —  10^.9; 
^  =  80^  F.;        n  =       0.9. 

Per  cent,  of  cane  sugar,  87.94.    . 

163.  Sugar  from  Cienfuegos. — Received  from  the  custom-house* 
Boston,  marked  ^'  Sample  of  100  hhds.  Muscovado  sugar,  imported 
into  Boston,  from  Cienfuegos,  in  the  brig  Eliza  Burgess,  by  Benja- 
min Burgess  &  Sons.     August  25, 1845.     Duty  2^  cents  per  pound." 

A  light  yellow,  very  moist  sugar,  having  a  tolerable  grain  and  a 
bright  crystalline  appearance. 

e  =  0.25;  a.   =      38<^.72; 

d  =  1.1057;         a"  =  —  12^.1; 
t  =  67°.6  F.;      n    =       0.9. 

Per  cent,  of  cane  sugar,  91. 

164.  Sugar  from  Laguayra. — ^Received  from  the  Philadelphia  cus- 
tom-house. A  dark  brown,  moist  sugar,  having  a  good  grain;  grit- 
ty between  the  fingers;  larg«  lumps,  with  veins  of  a  darker  color 
occurring  in  it. 

26 
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e  ==  0.25;  a    =       40».2; 

.      d  =  1.0975;        a"  =  —  11°.6; 
t  =  1T.6  C;     n    =       0.9. 

Per  cent,  of  cane  sugar,  93.44. 

166.  Sugar  from  Para. — Received  from  the  New  York  custom* 
house,  and  marked  "  Brig  Lowell,  from  Para,  235  bbls.  brown  su- 

far;  arrived  September    19,  1845.     Imported  by  Allen  &  Paxon. 
)vl\j  2\  cents  per  pound."  * 

A  deep  brown,  moist  sugar,  having  an  ordinary  grain;  very  slight- 
ly gritty  between  the  fingers;  large  dark  lumps  occurring  in  it. 


e  =  0.25; 

a    z= 

36^.75; 

d—  1.1002; 

a"  = 

—  10°. 3; 

t  =  Sl^.S  F.; 

n    = 

0.9. 

Per  cent,  of  cane  sugar,  84.55. 

166.  Sugar  from  Naguabo. — Received  from  the  New  York  cus- 
tom-house, and  marked  ^'  Imported  in  brig  Sabine,  from  Naguabo, 
p.  R.,  September  24,  1845,  by  J.  B.  Lasala  &  Co.,  236  hhds.,  mark- 
ed J.  S.     Duty  2|  cents  per  pound." 

A  yellowish  white,  moist  sugar,  having  a  tolerably  good  grain. 


e  =  0.25; 

a    =       41°; 

d=  1.1038; 

o"  =  — ir.3; 

t  =  77«'.5; 

n    =       0.9. 

Per  cent,  of  cane  sugar,  93.6*1. 

Muscovado  sugar  from  Halifax. 

• 

167.  Received  from  the  custom  house,  Boston,  marked  ^^  Sample 
of  20  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Treralett,  September  27,  1845.  Duty 
S^  cents  per  pound." 

A  bright  yellow,  moist  sxigar,  having  a  rather  good  grain,  and  a 
crystalline  appearance. 

e  =  0.25;  a    =        39^.6; 

d=  1.1054;         a"  =  —  11^.6; 
t  =  56^.8;  n    =       0.9. 

Per  cent,  of  cane  sugar,  91.18. 

168.  Received  from  the  custom-house,  Bos^ton,  marked  ^^  Sample 
of  14  bbls.  brown  sugar,  imported  into  Boston,  from  Halifax,  in  the 
brig  Acadian,  by  Thomas  Tremlett,  September  27,  1845.  Duty  2^ 
cents  per  pound.'* 

A  light-grayish  yellow,  moist  sugarv,  having  a  good  grain,  and  a 
bright  crystaline  appearance. 
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e  =  0.25; 

a    = 

40»; 

d=  1.1012; 

o"  = 

10^.9; 

t  =  81°  F.; 

n    =z 

0.9. 

Per  cent,  of  cane  sugar,  91.38. 

169.  Receiyed  from  the  Boston  custom-house,  and  marked  '^  Sam* 
pie  of  5  hhds.  brown  sugar^  imported  into  Boston^  from  JB[alifaX|in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27, 1845.  Duty 
S|  cents  per  pound. 

A  light  yellow,  moist  sugar,  having  a  rather  inferior  grain;  ap- 
pearance bright  and  crystalline. 

€  =  0.25;  a    =        39^; 

d  =  1.1002;         tt"  =  —  11^.9; 
t  =  75^.6  F;      n    =        0.9, 

Per  cent,  of  cane  sugar,  91.63. 

170.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  20  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  St>ptember  5,  1845.  Duty 
2J  cents  per  poundl" 

A  light  yellow,  moist  sugar,  having  a  rather  good  grain,  and  a 
bright  cryHialline  appearanceb^ 

e  =  0.25;  a    =40^; 

d=  1.1025;         a"=lF; 
t  =83^F.;         n   =0.9. 

Per  cent,  of  cane  sugar,  91.52. 

171.  Received  from  the  custom-house,  Boston,  marked  "Sample 
of  55  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  5,  1845.  Duty 
2^  cents  per  pound." 

A  yellow,  very  moist  sugar,  having  a  tolerable  grain. 

e  =  0.25;  a    =       39^.3; 

d=  1.1022;         a"  =  —10^.64:      ^ 
^=  59^.6  F.;     n   =       0.9. 
Per  cent,  of  cane  sugar,' 89.56. 

172.  Received  from  the  custom-house,  Boston,  marked  "Sample 
of  37  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27,  1845.  Duty 
S^  cents  j)er  ppund." 

^A  light  yellow,  moist   sugar,  having  a  good  grain,  and  bright 
crystalline  appearance. 

e  =  0.25;  a    =       38^.76; 

(1=1.1032;         a"  =  —11*^.86: 
^=  64*^.3  F.;     n  =       0,9. 

Per  cent,  of  cane  sugar,  90.87. 
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173.  Received  from  the  custom-house,  Bostoii|  marked  ^^  Sample 
of  16  hhds.  brown  su^ar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  27, 1845.  Duty 
2}  cents  per  pound." 

A  rather  dark  yellow,  moist  sugar,  having  a  rather  good  grain, 
and  crystallioe  appearance. 

e  =  0.26;  a    =       38^.33; 

d=  1.1015;         a"  =—11^.76; 
t  =72<^F.j         n  =       0.9. 

Per  cent,  of  cane  sugar,  90.13. 

174.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  80  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
schooner  Rainbow,  by  Chas.  S.  Brown  &  Co.,  September  ^22, 1845. 
Duty  2\  cents  per  pound." 

A  li|ht  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance. 

t  =0.25;  a    =       40<>.06; 

d=  1.107;  a"  =  —12^.84; 

t  =  65^.1  F.;      n  =^       0.9. 

Per  cent,  of  cane  sugar,  94.72. 

175.  Received  from  the  custom-house,  Boston,  marked  ^^ Sample 
of  75  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  schooner  Boston,  by  Thomas  Tremlett,  October  8, 1845.  Duty 
2|  cents  per  pound."  ^ 

A  very  moist,  yellow  sugar,  having  a  tolerable  grain,  and  a  bright 
crystalline  appearance. 

e  =  0.25;  a   —       39^.i58; 

d=  1.1059  a"  =  —  12^; 

/  =  64^.2  F.;     n   =       0.9. 

Per  cent,  of  cane  sugar,  93.52. 

176.  Received  from  the  custom-house,  Boston,  marked  ^^  Sample 
of  23  hhds.  brown  sugar,  imported  into  Boston,  from  Halifax,  in 
the  brig  Acadian,  by  Thomas  Tremlett,  September  17, 1847.  Duty 
2\  cents  per  pound." 

A  light  yellow,  ^npist  sugar,  having  a  good  grain  and«a  brip^ht 
crystalline  appearance. 

e  =  0.25;  a    =       39^.94; 

d=  1.1025;         a"  =  — 1P.44; 
t  =  l(P.b  F.;    n    =     .0.9. 

Per  cent,  of  cane  sugar,  92.21. 
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177.  Received  from  the  custom-house^  Baltimore,  murked 
<^  Schooner  Comet,  from  St.  Thomas,  August  23,  1845,  A  CH,  24 
hhds.^  to  Johnson  &  Trovers." 

A  very  light-colored,  moist  sugar,  having  a  rather  good  grain, 
and  a  bright  crystalline  appearance. 

e=0.25;  a    =       38^.6; 

d=  1.1024;  o"  =  — 12^.8; 
^  =  64^,9.  n    =       0.9. 

Per  cent,  of  cane  sugar,  92.10.  - 

178.  Lovering's  "  crushed  sugar  '^ — from  a  grocer. 

A  very  white,  brilliant,  crystalline  sugar;  grain  hard  and  firm. 

€  =  0,25;  a         42^.6; 

d=  1.1055;         a"— 13<^; 
^=74^F,;  n         0.9. 

Per  cent,  of  cane  sugar,  99.39. 

Woolsey's  dbuble-rejined  loaf  sugar — fronk  a  grocer. 

A  white,  brilliant  sugar,  of  a  fine  crystalline  structure;  grain 
hard. 

By  the  copper  test  of  Trommer,  it  gives 'a  very  slight  red  pre- 
cipitate. 

e  =  0.25;  '  a  =  42^.2;- 
d=  1.1054;  a"  =  -- 12<^.7; 
^=74^F.;  n    =       0.9. 

Per  cent,  of  cane  sugar,  98.34. 

180.  Brown  sugar  of  Cuba;  Quebrado  florete.  U.  S.  standard; 
from  New  Orleans  custom-house. 

A  light  whitish  yellow,  dry  sugar,  having  a  good,  fine  grain, 
with  a  crystalline  appearance. 

«=0.25;  a  =:       42^; 

d  =  l. 10567;       a"  =  — 12^.9; 
^=75^F.;         n  =      0,9. 

Per  cent,  of  cane  sugar,  98.30. 

181.  Inferior  white,  from  Cuba;  {Blanco  segfinda.)  United  States* 
standard;  from  New  Orleans  custom-house.  . 

^  A  dull  white,  dry,  fine-grained,  and  gritty  sugar;  grain  hard;  ap- 
pearance crystalline. 

e=0.25;       •     a  =      42*^;  * 

d  =  1.10563;  c"==  12^.85; 
^=74**F.;         n  =       0.9. 

Per  cent,  of  cane  sugar,  98.32. 
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182.  "  New  Orleans  prime  sugar."    Muscovado  sugar. 

A  light  yellow,  moist  sugar,  having  a  good  grain,  and  a  bright 
crystalline  appearance.  ^       ,  ^ 

6  =  0.25;  a  =»      40^.5; 

d  =  1.1035;         a"=-llo..75. 
t=Srj^F.;         n  =      0.9. 
Per  cent,  of  cane  sugar,  93.69. 

183.  "  New  Orleans  prime  whrte  {^clarified^)  sugar." 
A  white,  fine,  and  good  grained  sugar. 

6=0.25;  a  =       42; 

d=  1.1049;         a"=  — 12^.6; 
^=85T.;         n=        0.9. 

Per  cent,  of  cane  sugar,  97.79. 

184.  New  Orleans  raw  sugar,  from  Messrs.  Rutter,   Patterseo^ 
and  Newhall. 

A  moist,  yellow  sugar,  of  a  good  grain  and  fresh  odor. 

6  =  0.25;  =       a  39^7; 

d=:  1.0978;         =_a''ll^-      • 
t  =27^.5  C;      =      n  0.9. 

Per  cent,  of  cane  sugar,  92.74. 

• 

185.  New  Orleans  sugar. 

A  light-colored,  moist  sugar,  of  a  good  grain,  and  .bright  crya^ 
talline  appearance. 

6=0.25;  a  =       37^.9; 

d=  1.100;  a"=  — 11^; 

^  =  86*F.;         n  =       0.9. 

Per  cent,  of  can^  sugar,  87.91. 

186.  Maple  sugar. 

The  sample  analyzed  was  manufactured  an^  sold  in  cakes  of  a 
dark  color,  having  a  peculiar  odor;  grain  not  good. 

6  =  0.25;        a  =       33°.7; 
d  =  1.0943;    a"  =  — 9°.9; 
t=Z2?C.;     n    =       0.9. 

Per  cent,  of  cane  sugar,  78.^3. 

187.  ^^Clarified  sugar^^^  manufactured  by.  Mr.  Broome,  of  PhiU* 
delphia,  from  molasses,  by  evaporation  in  a  vacuum  pan. 

A  yellow  and  rather  dry  iltugar,  of  inferior  grain'. 
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'e  :f0.26;  a  =      37*. 2j 

d=  1.0961;        a"=:--10P.6; 
*=24°.7C.}     n=      0.9. 

Per  cent,  of  cane  sugar,  86. 

188.  Bastard  sugar,  from  Messrs.  J.  S.  Lovering  &  Co; 

A  dark  yellow,  and  very  moist  sugar,  having  large  crystals,  and 
gritty;  burnt  smell. 

e=0.25;  a  =      360; 

d=  1.0978;        o"=  — 9°.3; 
t  —  '    n  =      0.9, 

.  Per  cent.  of.  cane  sugar,  78.28. 
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EXPLANATION  OF  THK  PLATES. 

PULTE  I. 

Taylor* s  filter. —Fi^.  1— Vertical  eeotion.    Fig.  2— Plan.    Fig.  3— Enlarged  view  of  o«e 
of  thQ  bags.    Fig.  4— Conical  tube  for  attachment  of  bags  enlarged. 
aa,  the  filtering  bags. 
(,  cook  for  drawing  off  filtered  sirup. 
cCi  tubes  of  attachment  of  the  bags. 

d,  door  for  pntting  in  and  rerao?ing  bags. 

Jcti4fn  qf  the  filter. — The  simp  is  placed  in  the  space  Jj  and  passes  through  the  tubes  ee, 
which  oommunicate  with  the  bags  through  which  tho  sirup  filters.    The  conical  tubes  c  are 
surrounded  by  the  openings  of  the  bags,  and  clasped  by  a  sliding  ring,  which  binds  them  fast. 
The  filtered  sirup  is  drawn  off  by  the  cock  6. 
Pumonf  8  filter, -^Fig,  5. 

iuif  a  double  bottom  of  sheet  copper  pierced  with  holes,  on  which  a  wet  cloth  is  laid. 
bj  cock  for  removing  the  filtered  sirup.  * 

cCj  upper  partition  of  metal  pierced  with  holes,  famished  with  a  handle. 

e,  a  hollow  metal  ball  attached  to  the  cock  of  the  supply-pipe. 

This  apparatus  is  filled  with  coarse-grained  boneblack  in  the  space  J,  between  the  pieroed 
partitions  aa  and  cc.  The  space  B  is  designed  to  receive  the  simp  through  the  feeding-' 
pipe,  the  supply  of  which  is  adjusted  to  a  constant  level  by  a  self-regulating  oook.  The  fil- 
tered sirap  is  received  in  C*and  flows  off  by  the  cock  b. 

Fig.  6. — Perspective  view  of  a  simple  lever-prest  employed  in  France  for  extracting  sirap 
from  the  scorn  separated  in  defecation,  and  which  acts  constantly.  « 

Fig.  7.— Vertical  section 'bf  a  defecator,  as  improved  by^.  Hallotte,  with  an  external 
bottom  of  cast  iron.  > 

oQf  internal  copper  bottom. 
bbf  cast-iron  bottom, 
c,  oock  with  three* openings,  for  withdrawing  the  liquor  at  different  levels. 
BaeeuU  pan.— Fig.  8— Vertical  section.    Fig.  9— Horizontal  section. 

«,  a  shallow  pan,  which  turns  upon  an  axis;  may  be  tilted  by  means  of  a  paUef , 
and  emptied  by  a  spent.  The  dotted  outlines  in  Fig.  8,  represent  the  position 
of  pouring. 

Plate  IL 

Taylor' t  evaporating  pirn.— Fig. ^1— Elevation.  Fig.  2— Horizontal  section  of  the  tnbee. 
Fig.  3— Plan. 

jif  the  pan  itself,  supported  by  four  columns. 

Bf  copper  steam-pipes,  arranged  so  as  to  form  a  horizontal  grate. 

C,  main  steam-pipe  and  axis  divided  longitudinally  by  the  diaphragm  a;  one  end  of 
which  is  conical,  and  pieroed  laterally  for  the  escape-pipe  F.  Upon  this  axis  tiM 
grate  turns  so  as  to  permit  the  pan  to  be  easily  cleaned. 

D,  internal  tubes  enveloped  by  the  pipes  B, 

Ef  a  double  oock,  opened  or  shut  at  pleasure  by  the  handle  K. 
F,  the  ounred  escape-pipe,  which  connects  with 
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G,  the  tube  which  condac^  the  eon^eosed  steam  back  to  the  boiler. 
H,  cock  to  emptj  the  pan  when  the  sirup  is  concentrated. 
The  steam  follows  the  coarse  indicated  by  the  arroistrs  in  Fig.  2,  entering  C  on  one  side  of 
the  diaphragm,  passing  throagh  the  pipes  D  and  B,  and  returning  bj  F  and  O  to  the  boiler. 

Dubnmfauft  pan. — ^Fig.  4 — Elevation.    Fig.  S^Plan. 
«f ,  the  evaporating  pan. 
By  the  bent  ateam-pipe. 

a,  oock  for  admitting  steam. 

b,  cock  for  escape  of  steam  and  water  of  condensation.  • 
e,  handle  for  opening  and  shotting  the  discharge  valve,  e. 
d,  pipe  for  filling  the  pan  with  simp. 

/,  a  wooden  cover,  preventing  the  escape  of  vapor  into  the  room,  and  oausiag  it  to 

pass  off  by 
g,  the  wooden  chimney. 

-    Hallttt^t  serpentine  tfeam-pan.'-Fig.  6--Plan.    Fig,  7— Front  elevation  of  the  pan. 
a,  the  steam-pipe. 

bb,  escape-pipes  for  the  steam  which  circulates  in  the  serpentine, 
c,  the  discharge  pipe  for  the  concentrated  sirup. 
Fig.  8— A  copper  fram,  used  for  filling  mocdds. 

Platk  hi. 

Rothes  eystem, — ^Fig.  l^Thc  condenser.    Fig.  2— Vertical  section  of  the  vacuum  pan. 
Fig.  3--8ection  in  tho  line  xx. 
ji,  the  steam-pipe. 
Bf  large  iron  vessel  for  condensing. 
C,  copper  vacuum  pan,  with  a  double  bottom. 
bf  lateral  pipe  conveying  steam  into  the  space  yy. 
<f,  tube  for  conveying  steam  into  the  space  C,  and  forming  a  vacuum. 
€,  serpentine  tube,  heated  by  steam. 

/,  tube  for  drawing  sirup  from  the  reservoir  r,  into  the  vacuum-pan. 
g,  cock  for  discharging  the  concentrated  sirup. 
A,  escape  pipe  for  removing  condensed  steam  from  yy. 
Ai,  pipe  for  removing  condensed  steam  from  the  serpentine, 
ti,  tube  of  communication  between  c,  the  vaeoum  pan,  and  JB,  the  condenser, 
jj,  tube  for  admitting  cold  water  from  the  reservoir  /,  into  the  oondenser  B. 
If  cold  water  reservoir. 
mm,  diaphragms  to  extend  the  surface  in  contact  between  the  steam  and  the  water, 
n,  cock  for  the  escape  of  ihe  air  whea  the  vaoaom  is  to  be  formed,  and  for  its  ad- 
mission when  the  contents  of  the  pan  are  to  be  renu>ved. 
o,  gauge  indicating  the  pressure  in  the  oondenser. 
p,  tube  showmg  the  level  of  ihe  water  in  the  oondenser. 
q,  oock  for  removing  water  from  the  oondeeser. 
<  r,  reservoir  for  simp. 
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Plate  IV 


Sydem  of  if.  Dtgrand,  (as  coDstracted  by  MM.  Derosne  and  CaU.)    Fig.  1 — Plan  of 
the  condenser.    Fig.  2 — ^Elevation  of  the  apparatuB. 
A,  A,  an  oscillating  steam  engine,  working  an  air-pump,  e,  e,  to  form  a  Tacanm  in  B. 

B,  a  vacnnm  pan,  heated  by  a  serpentine  a,  a. 

C,  a  reservoir,  to  hold  any  syrnp  which  may  accidently  pass  through  the  pipe,  c. 

D,  a  bent  tnbe,  intended  to  aid  in  forming  the  vaoaam  in  B,  by  oondensation. 
6,  reservoir  or  cistern  for  dilute  juice. 

a,  a,  serpentine  tube,  for  heating  B. 

b,  the  cock  for  discharging  concentrated  syrop  from  B. 
•  c,  pipe  between  the  pan  B,  and  reservoir  C. 
df  dy  pipe  betweeen.the  condenser  D,  and  the  air-pump  c,  e. 
€,  e,  air-^ump  worked  by  the  engine  A,  A. 

g,  g,  copper  reservoir  for  the  juice  ^hich  has  flowed  over  the  surface  of  the  bent  tube  D. 
f,  t,  pipe  conveying  the  juice  from  g,  g,  into  a  cistern, 
n,  n,  troughs  for  distributing  the  juice  in  fine  streams  over  the  bent  tube  D. 
0,  supply  pipe  of  the  troughs,  fi,  n. 
«,  supply  pipe  of  the  steam  engine,  A. 

Dutrone's  crystallizing  6ox.— Fig.  3— Transverse  section, 
•tf ,  the  box  itself. 
bj  6,  the  upright  supports. 

e,  c,  sections  of  strips  of  wood  upon  which  the  box  rests, 
d,  d,  the  inclined  bottom,  perforated  by  numerous  holes  in  the  middle  line  of  jottetion  fcf 

the  escape  of  the  molasses, 
e,  e,  troughs  or  channel  for  conveying  the  moUsses  to  the  cistern,  covered  with  oemem. 

Paytn^t  decoZorime^er.— Fig.  4 — Side  and  front  elevation. 
CD,  tube  for  holding  the  sirup. 
J3,  sliding  tube,  with  a  graduated  scale. 
P,  closed  space  between  two  glass  disks  filled  with  standard  colored  liquor. 

Plates  V,  VI,  and  VII. 

Syrtem  of  i{tZ2iettx.— Plate  V— Front  elevation.  Plate  VI,  fig.  l-^Plan  of  one  of  the  evap- 
orating pans ;  Fig.  2—- Plan  of  frame^work  and  pipes.  Plate  VII,  fig.  l^^Transverse  seo- 
tion ;  Fig.  2— ^de  elevation,  half  in  section. 

•tf,  the  evaporating  pan. 

aa,  the  main  steam-pipe. 

bb,  the  pipe  cohveying  the  vapor  from  the  first  pan  to  the  chamber  h, 

ee,  pipe  conducting  it  into  the  second  pan. 

ddf  pipe  for  the  escape  of  vapor  from  the  second  pan  into  a  box  Jk,  oomaimioating  with 
the  air-pump  y,  by  means  of  the  pipes  t  and  h, 

«s,  the  steam-pipe  of  the  last  evaporating  pan. 

ffi  pip®  ^^  efi3ape  of  vapor  from  the  last  pan. 

g,  pipe  conveying  the  vapor  from  the  first  pan  to  the  last,  and  connecting  with  r. 
^        M,  pipe  connecting  the  second  and  third  pans  vritk  the  ai^-pnmp  y. 
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i,  pipe  eomiMtiBg  h  with  k  and  d. 
Uf  k,  steam-ohambera  or  boxes. 

H9  If  liome  or  oapola  from  which  the  vapor  ia  taken  by  the  pipe  «. 
m,  m,  handles  for  opening  the  oonioal  yalTos  ew 

%,  fii  pipes  for  supplying  high  steam  to  different  parts  of  the  apparatus, 
e,  o,  oonioal  valves. 
p,Pf  handles  of  the  discharge  valves. 

q,  discharge  valve  of  the  last  pan. 
rj  r,  internal  fines  or  tabes. 

«,  pipe  supplying  high  steam  to  the  vacimtn  pipes  to  drive  oat  the  air. 

t,  valve  for  the  pipe  «. 

u,  glass  disk  for  observing  the  interior  of  the  pan. 

«i  diaphragm  or  bridge  separating  the  high  steam  chamber  from  that  of  the  vapor 
fpt9,  doable  case. 
XX,  escape-pipe  conducting  the  vapor  from  the  dome  L 

3f,  the  air-pomp. 
MM,  the  sapporting  frame- work  of  wood. 
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l8t  Session.  No.  60. 


LETTER 

TKOM 

THE  SECRETARY  OF  THE  TREASURY, 


COMKUVICATIKG 


j3  report  of  researches  on  hydrometers  and  spirituous  liquors^  made 
under  the  superintendence  of  Professor  A.  D.  Bache,  by  Professor 
R.  S.  McCulloh. 


J0HE8,  1848. 

RmuI,  and  9rdered  that  10,000  oopiei  be  printed  for  the  ate  of  the  Senate,  together  with 
.   the  fonoer  report*  relating^  to  the  same  series  of  soientifio  researohea,  under  the  revision  of 
Profeaspr  McCnlloh. 


Tbeasu&y  Depabtment, 

Junel^  1848. 

Sib:  Herewith^  I  Lave  the  honor  to*  transmit  to  the  Senate  a 
letter  from  Professor  A.  D.  Bache,  superintendent  of  weighUs^ 
measures^  balances,  &c.|  communicating  a  report  of  scientific  re- 
searches on  hydrometers,  spirituous  liquors,  &c.,  made,  under  his 
superintendence,  by  Professor  R.  S.  McCulloh,  melter  and  re- 
finer of  the  mint  of  the  United  States,  in  compliance  with  arequ  st 
of  Hiis  department,  and  for  the  purpose  of  enabling  the  Secrtlary 
of  the  Treasury,  in  the  exercise  of  authority  conferred  upon  him 
by  an  act  of  Congress,  approved  January  12, 1825,  to  adopt  and  in- 
stitute a  more  accurate  hydrometer,*  in  lieu  of  that  now  used  for 
for  ascertaining  the  strength  of  spirituous  liquors.  ' 
Very  respectfully,  your  obedient  servant, 

R.  J.  WALKER, 
Secretary  of  the  Treasury. 
To  the  Hon.  Geoboe  M.  Dallas, 
Vice  President  of  the  United  States^ 

and  President  of  the  Senate. 
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Letter  of  Professor  A,  D.  Bache^  superintendent  of  weights^  meas- 
ureSf  aifd  balances,  transmitting  a  second  report  on  inquiries  and 
researches  relating  to  hydrometers^  {r<^.,  made  under  his  superin- 
tendence by  Professor  JR.  S.  McCulloh. 

Office  of  Weights  and  Mea8ube8| 

May  29)  1848. 

Sir:  I  hare  the  honor  to  submit/ herewifh,  a  second  report  on 
hydrometers^  by  Professor  R.  S.  McCulloh^  containing  the  results 
of  inquiries  and  researches  made  under  niy  superintendence,  and 
proposing  to  the  department  a  course  of  action ,  in  which  I  fully 
concur.  Of  this  report  I  propose  to  make  a  brief  analysis,  as  lead-^ 
ing  to  the  conclusions  upon  which  action  by  the  department  is  re-* 
commended. 

In  a  former  report,  made  in  1845,  to  one  of  your  predecessors, 
the  pircumstanees  under  which  these  researches  were  undertaken 
(by  request  of  the  Hon.  John  C.  SpencerVare  stated,  and  they  are 
briefly  recapitulated  by  Professor  McCullob,  in  the  first  chapter  of 
the  present  report.  It  is  due  to  Professor  McCulloh  to  add,  that 
since  the  period  of  his  employment  in  the  United  States  mint, 
these  researches  have  been  continued,  and  those  on  sugar  have 
been  completed,  in  the  midst  of  engrossing  and  arduous  duties, 
without  compensation.  The  superintendence  was  undertaken  by  me 
originally,  an4  has  been  executed  also  without  compensation. 

In  the  report  of  1845,  just  referred  to,  a  complete  theory  of  the 
hydrometer  was  given,  the  different  scales  in  use  described  j  the 
advantages  of  the  centesimal  scale  hydrometer  insisted  on,  and  the 
manner  of  graduating  and.  psing  it  explained.  ,  The  mode  of  ma- 
king and  graduating  hydrometers  was  given.  The  principal  hj^ 
rirometers  of  different  countries  were  described,  and  their  theory 
established.  The  results  of  .different  experiments  on  the  expansion 
of  water  were  discussed,  and  those  of  liquids  composed  of  mixtures 
of  alcohol  and  water  were  collected  and  represented  graphically. 
The  subject  of  the  proofs  of  liquors  was  discussed,  and  the  iif^es- 
ligations  of  different  hydrometers  in  use  were  compared. 

The  present  report  consists  of  four  chapters.  In  the  first  is  coa* 
tained  a  brief  notice,  or  account^  of  the  authority  and  circumstances 
under  which  the  work  has. been  performed,  ofithe  manner  of  its 
execution,  and-  of  the  resulting  measures  proposed  to  the  action  of 
the  department. 

The  second  contains  an  elaborate  account  of  researches  in  rela- 
tion to  the  specific  gravities  of  alcoholic  liquids,  made  by  authority 
of  European  governments,  or  by  private  individuals,  for  scientific 
purposes. 

The  third  contains  new  researches  on  the  specific  gravities  of 
alcoholic  liquids,  intended  to  verify,  generally,  those  of  previous 
experimenters. 

Tb«  fourth  chapter  gives  the  correspondence  between  the  degrees 
of  Dycas's  hydrometer,  and  the  per  centage  by  bulk,  or  weight,  of 
alcohol  in  various  mixtures. 
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The  report  closes  with  an  account  of  the  examination  of  different 
hydrometers  actually  used  at  sodms  of  the  custom-houses  of  the 
United  States. 

As  the  results  obtained  by  Gilpin  and  Blagde^,  under  the  direc- 
tion of  the  Royal  Society  of  London ,  and  for  the  British  goyern- 
ment,  have  stood  the  test  of  repeated  re-examination,  Professor 
McCttlloh  assumes  them  as  standard,  and  gives  a  minute  account  of 
their  methods  of  experimenting,  with  all  the  precautions  taken, 
their  results,  the  criticisms  made  upon  them,  the  repetition  of  por- 
tions of  the  experimental  work  by  the  authors  themselves,  their 
comparative  trials  of  otl^er  suggested  methods  of  working,  and 
their  recommendations  in  regard  to  the  manner  of  collecting;  re- 
venue on  alcoholic  liquids,  and  to  the  instrument  to  be  used.  These 
researches  are  contained  in  three  memoirs,  occupying  some  two 
hundred  pages  of  the  transactions  of  the  Rbyal  Society,  and  ex- 
tending over. a  period  of  six  years. 

Instead  of  adopting  the  very  satisfactory  method  proposed  by 
Gilpin  and  Blagden,  a  complex  and  unscientific  system  was  intro- 
duced, the  defects  of  which  produced  a  necessity  for  a  second  ap- 
peal .by  the  British  government  to  the  Royal  Society,  resulting  in  a 
report,  which  is  analyzed,  and  the  recommendations  and  tables  con- 
tained in  which  are  given  by  Professor  McCulloh. 

The  inquiries  of  Professor  Tralles  for  the  Prussian  government 
^re  next  analyzed  in  detail.  They  led  to  the  introduction  of  a  cen- 
tesimal hydrometer,  adapted  to  determining  per  cents,  of  alcohol 
contained  in  a  given  liquidj  the  tables  bdng  based  upon  the  ex- 
perimental results  of  Gilpin  and  Blagden.  The  material  proposed 
was  glass.  This  system  has  not  only  stood  the  test  of  use  in  Prus- 
sia, but  has  been  adopted  (with  or  without  modificjition)  in  France, 
Austria,  Sweden,  and  Belgium.  An  account  of  other  researches 
in  Germany  and  in  Russia  is  given. 

The  inquiries  which  led  to  the  system  and  instrument,  (the  cen- 
tesimal alcoholometer  of  Gay  Lussac,)  used  in  France,  are  dis- 
cussed at  length.  The  adoption  of  a  similar  system  in  Sweden  is 
noticed.  Recent  experiments  made  in  England  are  analy;sed,  and 
their  results  given. 

The  labor  of  comparing  these  various  results,  peferiring  to  dif- 
ferent units  of  specific  gravity  of  water  and  of  alcohol,  and  to  dif- 
ferent temperatures  of  these  two  liquids,  is  very  great,  and  has 
been  most  thoroughly  performed  by  Professor  McCulloh  and  his 
assistants.  Comparative  tables  are  given,  in  which  the  numbers 
obtained,  directly  from  experiment  or  by  interpolation,  are  referred 
to  the  same  scale.  There  is  thus  presented,  at  one  view,  a  com- 
parison of  the  best  experiments  hitherto  made  on  the  subject.  The 
methoa  of  -tracing  curves  to  represent  the  experimental  results  is 
also  resorted  to  for  comparison  and  for  verification,  by  the  regu- 
larity of  the  curves.  The  result  of  this  detailed  comparison  is,  to 
confirm  as  accurate  the  minute  experiments  of  Gilpin  and  Blagden, 
before  referred  to.  <  \ 

The  new  experiments  by  Professor  McCulloh  were  not  under- 
taken with  a  view  to  go  over    the  ground    previously  occupied  by 
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others,  step  by  step,  but,  merely  to  explore  certain  points,  anJ  to 
infer  from  the  examination  tMis  made,  general  agreement  or  dis* 
cordance.  The  precaations  to  insure  accuracy  in  the  experiments 
are  given  in  detail,  the  sources  and  'examination  of  the  weightsj 
balances,  hydrometers,  and  thermometers,  and  of  the  liquids  used, 
the  manipulations  employed,  the  corrections  and  the  final  results 
are  given,  and  compared  with  one  of  the  best  seriesi  of  experi- 
ments discussed  in  the  previous  part  of  the  report.  The  confirma- 
tory character  of  these  results  warrants  the  recommendation  of  the 
system  based  upon  them.  ^ 

In  advising  the  abandonment  of  the  prejsent  arbitrary  method  of 
^^prqofs^^^  in  testing  and  describing  the  value  of  alcoholic  liquids, 
it  is  necessary  to  show  the  connexion  between  the  new  system  re- 
commended and  the  old  one.  A  comparison  is  therefore  made,  in 
the  first  chapter,  between  Dycas's  hydrometer  and  the  centesimal 
hydromieter,  and  between  the  indication  of  the  fermejp,  and  the  per 
cent,  by  bulk  and  .weight  of  alcohol  contained  in  any  given  liquid, 
at  an  aracertainea  temperature. 

The  result  of  tbe^'examination,  with  which  the  report  closes,  of 
different  instruments  actually  in  use  in  the  custom-houses  of  Balti- 
more, Philadelphia^  New  York,  Boston,- Portland,  Newburyport, 
Salem',  Bristol,  Providence,  Newport,  and  New  Haven,  in  the  year 
1845,  establishes  their  general  inaccuracy  and  consequent  want 
of  uniformity  in  the  collection  of  the  revenue  at  the  different  ports. 

The  recommendations  which' ^row  naturally  and  necessarily  out 
of  the  inquiries  heretofore  submitted,  the  reasons  for  which  are  ex- 
plicitly stated  in  the  fntrbduction  to  the  present  report,  or  in  con- 
nexion with  the  different  researches, *are  the  following: 

1st.  That  the  strength  of  liquors  should  not  be  referred  to  the 
arbitrary  degrees  of  an  artificijul  system,  as  those  of  Dycas's  hy- 
drometer, but  be  expressed  in  per  cent,  of  alcohol  contained,  by 
volume,  or  by  weight. 

2d.  That   no  reference  be  made  to  terms. of  ^^proof^^^    a§  ^^first 

ffoofP  ^^second  proof ^^^  &c.,  which  are  from  legal  enactment,  and 

not  commercial  use,  in  ascertaining  or  describing  the  strengths  of 

•  alcoholic  liquors;  but,  that  such  description  be  made  in  per  cent., 

by  weight  or  bulk  of  contained  alcohol. 

3d.  That  all  gaugings  or  measurements  of  alcoholic  liquids  be 
referred  to  the  standard  temperature  of  60^  of  Fahrenheit's  ther- 
mometer. 

4th.  That,  in  stating  the  per  cent,  by  volume  of  pure  alcohol 
contained  in  a  liquid,  it  be.  reduced  to  its  equivalent  at  the  same 
standard  temperature  of  60°  Fahrenheit. 

5th.  Tha*t  the  centesimal  hydrometer  be  adopted  in  detetmininp; 
the  strength  of  liquids;  and  provisionally,  until  a  better*  instrument 
is  furnished,  the  centesimal  alcoholometer  of  Professor  Tralles 
be  used,  with  a  suitable  manual  and  tables,,  to  accompany  the  in- 
strument. Respectfully  submitted,  by  > 

/  A.  D.  BACHE, 

Superintendent  of  weights^  measures,  and  balances . 

To  the  Hon.  Robert  J.  Walker, 

Secretary  of  the  Treasury. 
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REPORT 

To  Profesior  A.  D.  Bachtj  of  the  researches  on  hydrometers  and 
spirituous  liquors,  made  under  his  superintendence ,  by  Professor 
R.  S.  McCulloh. 

Mei^tee  and  Refineb's  Office, 
United  StiUes  Mint,  Philadelphia,  May  26t  1848. 

Sie:  I  have  the  honor  to  submit  to  you  the  following  report  on 
hydrometers,  &c.,  showing  the  progress  made  in  the  work  confided 
to  me,  and  famishing  all  the  information  which  would  be  needed, 
if  the  Secretary  of  the  Treasury  should  see  fit  to  substitute  for  the 
hydrometer  now  in  use  another  which  woMld  be  more  accurate  and 
entitled  to  public  confidence,  in  the  exercise  of  the  authority  con- 
ferred upon  him  by  act  of  Congress  approved  13lh  January,  1825. 

1.  On  the  14th  of  June,  1844i  I  was  appointed  by  the  Treasury 
Department  your  assistant,  to  make,  under  your  direction,  such  in- 
vestigations and  experimental  researches  as  might  be  found  neces- 
sary to  furnish  the  information  in  relation  to  saccharine  substances 
and  the  manufacture  of  sugar,  called  for  by  act  of  Congress  ap- 
proved March  3,  1843;  and  to  perform  the  labor  which  might  be 
requisite  to  enable  you  to  comply  readily  with  a  request  of  the 
Treasury  Department,  that  you  would  institute  suitable  experiments 
on  hydrometers,  and  furnish  the  results  to  that  department,  made 
by  the  Hon.  John  C.  Spencer,  in  a  letter  of  March  13, 1844,  (which 
has  been  published  in  Senate  Doc.  No.  166,  28th  Congress,  2d  ses- 
sion, p.  4,)  in  consequence  of  complaints  that  the  hydrometer  used 
by  the  officers  of  the  customs,  in  obedience  to  act  of  Congress  ap- 

f proved  10th   of  August,  1790,  is   inaccurate,  and   may,  therefore, 
ead  to  injustice  in  the  collection  of  the  revenue. 

2.  On  the  18th  of  February,  1845,  I  submitted  to  you  a  report  of 
the  progress  made  in  the  inquiries,  both  in  relation  to  sugars  and 
hydrometers,  which  report  has  also  been  published  in  Senate  Doc. 
No.  165,  28th  Congress,  2d  session.  To  it,  therefore,  I  beg  leave 
to  refer  for  much  of  the  information  to  which  these  investigations 
have  led-^the  present  report  being  supplementary  to  the  second 
section  of  that  just  mentioned. 

3.  When  I  undertook  the  task  allotted  to  me,  it  was  understood 
that  the  experiments  and  inquiries  in  relation  to  sugar  should  be 
considered  as  entitled  to  precedence,  my  employment  being  in  fact 
dependent  solely  upon  them,  and  that  the  researches  on  hydrome- 
ters should  therefoie  receive  only  so  much  of  my  time  and  attention 
as  could  be  devoted  to  them  without  neglect  of  the  other  work-^ 
the  former  being  made  by  order  of  Congress,  the  latter  only  with 
their  sanction,  and  in  compliance  with  a  request  of  the  Secretary  of 
th%  Treasury, 
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4.  That  these  secondary  investigations  should,  therefore,  hare 
been  deferred  until  those  of  primary  character  were  completed,  ex- 
cept during  the  short  interval  in  the  summer  of  1845,  when  I  was 
waiting  for  the  specimens  of  sugar,  &c.,  which  the  officers  of  the 
customs  were  directed  to  furnish  me,  was  only  ii^  ftilfilment  of  the 
above  mentioned  conventional  understanding. 

During  that  interval  I  occupied  myself  with  an  exav&ination  of 
the  condition  of  the  hydrometers  used  by  the  inspectors  at  several 
of  the  northern  ports,  and  in  seeking  information  in  relation  to  the 
art  of  refining  sugar;  for  which  purposes  I  visited  those  places,  and 
the  principal  sugar  refineries  in  them,  in  obedience  to  your  orders. 
The  results  of  the  examination  of  the  hydxometers,  are  given  in 
detail  in  chapter  IV.  of  this  report. 

6.  After  my  return  to  Philadelphia,  in  1845,  my  tifl^  was  chiefly 
.occupied  with  chemical  analyses  of  the  saccharine  substances  sent 

to  me  from  the  custom-houses,  and  in  making  preparations  for  my 
contemplated  journey  to,  and  work  in,  Louisiana  and  Cuba. 

During  my  absence  in  Cuba  it  pleased  the  President,  with  the 
consent  of  the  Senate,  to  confer  upon  me  the  appointment  which  I 
now  bold  in  the  mint  of  the  United  States.  The  performance  of 
the  highly  responsible  duties  of  my  office,  after  my  return  in  the 
spring  of  1846,  and,  at  the  same  time,  the  completion  of  the  analy- 
ses and  other  work  required  by  the  researches  on  shgar,  absorbed 
my  attention,  and  left  me  little  time  for  hydrometers,  &c.,  until  the 
end  of  February,  1847,  when  I  had  the  honor  to  make  to  you  my 
final  report  on  sugar,  since  published  in  Seaate  Doc*  No.  209,  29th 
Congress,  2d  session. 

The  year  1847  was  one  of  constant  and  unusually  heavy  work  in 
the  mint,  devolving  upon  me  more  than  ordinary  labor  and  respon- 
sibility; also,  some  improvements  had  to  be  introduced  in  the  melt- 
ing department.  I  could  not,  therefore,  prosecute  the  inquiries 
and  experimental  researches  on  hydrometers  energetically,  or  give 
them  more  than  a  small  portion  of  my  time,  during  that  period  or 
until  very  recently. 

6*  I  have  given  this  extended  account  of  my  proceedings^  that  it 
may  appear,  both  to  yourself  and  others,  to  be  due  to  no  neglect 
that  the  investigations  in  relation  to  hydrometers  have  not  long 
since  been  completed  and  fully  reported;  and  certainly  I  should 
have  much  preferred  to  have  brought  them  to  an  early  termiAatioDi 
if  it  could  have  been  done  without  slighting  them. 

7.  In  making  the  numerical  calculations  required  for  this  lepert^ 
I  was  assisted  by  my  friend  and  former  pupil.  Woods  Biker,  esq.^ 
who  volunteered  his  services,  and  labored  without  pecuniary  com* 
pensation  most  indefatigably  and  efficiently.  He  generally  re« 
peated  and  verified  both  my  own  computations  and  those  of  the 
other  assistants;  and  his  mathematical  ability  and  general  seientifie 
attainments  render  his  work  fully  entitled  to  eonfldenee.  I  was 
aided  in  a  similar  manner  by  my  former  assistant,  J.  B.  Reynolds^ 
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esq.,  now  lecturer  on  natural  philosophy  in  the  Franklin  Institirte. 
Mr.  Charles  Hartahorne  and  Mr.. Alfred  Cammings,  assistants,  also- 
labored  industriously  and  with  ability  in  computing  numerical  re- 
sults. Lastly,  in  my  experiments  and  chemical  manipulations,  I 
was  assisted  by  John  Monell,  esq.,  employed  as  foreman  in  the 
refining  operations  of  the  mint,  who  aided  me  in  numerous  ways^ 
and  relieved  me  of  the  arduous  task  of  watching  and  conducting 
the  repeated  distillations  of  alcohol  and  water,  required  to  obtain 
the  former  pure,  and  keep  the  latter  free  from  absorbed  air. 

8.  With  reference  to  the  numerical  calculations,  the  results  of 
which  are  given  in  this  report,  I  wish  it  to  be' understood  that  they 
were,  with  few  and  unimportant  exceptions,  made  by  two  different 
persons,  independently  of  each  other — one  assistant  checking  the 
work  of  another,  and  my  own  computations  being  similarly  verified 
by  some  one  of  them.  This  plan  was  followed,  because  I  have  lit- 
tle Aiith  in  the  truth  of  long  and  laborious  numerical  computations, 
unless  confirmed  by  some  good  method  of  verification.  It  is  too 
easy  to  commit  errors  in  the  simplest  additions,  subtractions,  &c.; 
and  few  fail  to  make  them  often. 

9.  The  formulas,  and  adopted  coefficients  of  reduction,  which 
were  used  in  the  calculations,  are  f^iven  in  an  appendix  to  this  re- 
port; which  contains  the  mathematical  theory,  not  only  of  this  par- 
ticular work,  but  also  of  the  determination  of  the  exact  weights 
and  specific  gravities  of  bodies  generally;  and  is  herewith  submit- 
ted for  your  information  with  reference  to  the  methods  I  have  fol- 
lowed. Whether  or  not  that  appendix  should  be  communicated 
with  this  report  to  the  Treasury  Department,  I,  however,  submit 
as  a  question  for  your  judgment  and  decision.  It  is  a  paper  purely 
scientific,  and  may  be  too  abstract  for  publication  as  part  of  a  prac- 
tical investigation.  Probably  it  would  find  a  more  appropriate 
place  in  some  scientific  journal,  of  convenient  reference. 

10.  The  experimental  work  cannot,  in  my  opinion,  yet  be  coih- 
sidered  complete,  although  it  is  sufficiently  so  to  justify  the  Secre- 
tary of  the  Treasury  in  at  once  adopting  and  giving  orders  for  the 
use  of  a  new  and  more  accurate  hydrometer. 

Any  instrument  which  would  determine  specific  gravities  readily 
and  accurately,  so  that  the  corresponding  strengths  may  become 
known,  would  answer;  and  it  is,  perhaps,  best  that  no  legislative 
action  should  take  place,  which  would  fix  upon  the  country,  as 
heretofore,  a  very  imperfect  and  faulty  system;  but  that,  on  the 
contrarjr,  the  authority  now  given  to  the  Secretary  of  the  Treasury 
to  substitute  one  hydrometer  for  another,  should  continue  to  be 
vested  in  him,  in  order  that,  if  improvements  be  invented,  they  may 
be  introduced  without  difficulty. 

This  is  the  more  desirable,  because  it  is  very  likely  that  the  ap- 
paratus you   have  proposed,  of  a  hollow  metallic  ball  suspended- 
from  a  spring  balance,  may  be  brought  to  perfection,  and  would  be 
greatly  superior  to  any  hyidrometcr  of  the  ordinary  kind.    Those  erf 
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jDt^tal  mU9t  be  maSie  to  thin  that  the  least  blow  intleAts  tbem  deeply ^ 
aad  deatroys  them.  tBesidea)  they  are  of  difficult  construction, and 
very  costly;  and  glass  hydrometers  are  fragile,  though  cheap.  Your 
suggested  ball  and  spring  balance  may  have  any  required  degree  of 
strength;  but  whether  Ihe  sensibility  can  be  rendered  sufficieat^antd 
the  spring  free  from  derangement^  has  not  yet  been  satisfactorily 
tested;  and  until  this  is  done,  the  question  should  remain  unde* 
cided. 

11.  Temporarily,  and  until  some  more  perfect  instrument  is  in- 
Tented,  I  recommend  the  adoption  of  the  centesimal  alcoholometer, 
either  of  Tralles  or  Gay  Lussac. 

That  of  Tralles  is  preferable,  because  the  Yolumes  are  measured 
at  60^  Fahrenheit,  instead  of  15?  centigrade,  equivalent  to  59^  Fah- 
renheit, adopted  by  Gay  Lussac;  and  because  it  is  referred  to  the 
density  of  water  at  its  maximum  degree  of  condensation,  instead  of 
15?  cent.,  and  therefore  corresponds  to  the  system  of  weights  and 
measures  of  the  late  Mr.  Hassler. 

12.  For  either  of  these  instruments,  it  would  be  necessary  to 
print  a  small  manual  of  instructions  and  tables.  This  for  that  of 
Gay  Lussac  has  already  been  done  in  French ;  a  translation  could 
be  made  of  it  in  a  very  few  days,  and  with  trifling  labor.  For  the 
instrument  of  Tralles,  it  would  be  necessary  to  interpolate  his  ta- 
bles, given  in  the  succeeding  chapter  of  this  report,  for  every  sin- 
gle per  cent.  The  requisite  work  demanded  for  this  purpose  I  am 
willing  tOi  perform^  with  suitable  assistance,  if  it  be  desired. 

13.  Whatever  doubts  may  exist  as  to  the  propriety  of  fixing  any  I 
particular  instrument  permanently  upon  the  country,  I  think  that 
none  can  be  for  a  moment  entertained  with  reference  to  the  basis 

of  all  future  action  on  the  part  of  the  government  in  relation  to 
the  determination  of  the  strensths  of  aquors;  4ind  I  would  here  ! 

respectfully  suggest  that  in  all  instances  the  following  proposi- 
tions be  a^iopted,  and  adhered  to: 

Ist.  The  strength  of  a  liquor  should  never  be  referred  to  the  ar- 
bitrary degrees  of  an  artificial  system,  as  those  of  Dyca$'3  hydrom- 
eter,  but  be  expressed  in  per  cent,  of  alcohol  contained  by  volume  | 

or  by  weight,  as  is  done  ior  mixtures  of  other  substances.  i 

2d.  All  reference  to  the  terms  first  proofs  ^€€dnd  proofs  Adc, 
should  hereafter  be  dropped;  those  terms  being  legislative  and  not 
commercial,  originally  created  by  act  of  Congress,  and  having  no 
longer  any  use,  except  to  invite  attempts  at  fraud. 

3d.  Spirituous  liquor  should  pay  duty  proportionally  to  their 
strengths,  or  per  cent,  of  contained  alcohol;  the  rest  being  water, 
and  valueless:  provided,  however,  that  the  value  does  not  depend 
on  some  peculiar  and  esteemed  flavor,  or  other  quality. 

4th.  As  the  volume  of  any  liquid  varies  with  its  temperature,  so 
that  th^  same  quantity  of  spirit  does  not  measure  the  same  number 
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of  gallons  if  gauged  at  different  temperatures,  all  inea«ureineiit» 
should  be  referred  to  the  mean  temperature  of  60^  Fahrenheit. 

5th.  A  cask  of  liquor  would  then  pay  duty  on  the  per  cent,  by 
Tolume  of  pure  alcohol  which  it  contains  at  60^  Fahrenheit  only; 
this  will  be  determined  by  multiplying  the  gauged  contents  found 
at  any  other  temperature  by  such  factor  or  multiplier  as  will  re- 
duce both  the  indicated  strength  and  measured  Tolume  to  that  tem- 
perature. Tables  XIII.  and  XIV.,  of  Tralles,  of  the  succeeding 
chapter,  and  the  table  of  richness  of  Gay  Lussac — see  section  92,  be-  • 
low,  are  tables  of  such  factors. 

14.  If  these  few  fundamental  propositions  should  be  observed  in 
future  legislation  and  administrative  regulations,  commercial 
strengths,  or  proofs^  may  be  infinitely  varied  with  the  capricious 
tastes  and  wishes  of  the  dealers  and  consumers,  without  rendering 
it  necessary  to  modify  existing  laws;  nor  will  the  laws  interfere 
with  commercial  interests  or  convenience.  The  system  adopted  by 
the  government  will  be  perfectly  simple,  intelligible,  and  just;  ana 
its  simplicity  will  render  frauds  of  much  more  difficult  achieve* 
ment. 

Fortunately,  also,  at  the  present  time  the  tariff  levies  duties  pro* 
portional  to  the  values  of  spirituous  liquors,  and  is  therefore  ex- 
actly adapted  to  the  introduction  of  a  new  mode  of  expressing 
their  strengths  by  per  cent,  of  the  article  contained  which  gives 
value  to  the  compound,  ins^ad  of  by  arbitrary  and  technical  name» 
of  no  very  definite  meaning,  such  ^s  first  proof ^  second  proofs  §"C. 


CHAPTER  I. 

On  the  researches  relative  to  the  specific  gravities  of  alcoholic  li* 
quors^  made  by  authority  of  JEuropean  govemrtierits^  or  hy  private 
persons^  for  scientific  purposes. 

16.  For  the  British  government^  by  Messrs,  Oilpin  and  Btagden. 
By  far  the  most  elaborate  and  accurate  investigations  ever  pub- 
lished, in  relation  to  the  specific  gravities  of  alcoholic  liauor^,  are 
those  to  which  this  section  refers.  I  have  alreiidy  stated  btiefly^ 
in  page  71  of  my  previous  report,  the  reasons  for  the  high  degree 
of  confidence  to  which  the  researches  of  these  gentlemen  are  most 
justly  entitled;  but  that  it  may  fully  appear,  not  on}y  why  they 
are  to  be  regarded  as  exact,  but  also  why  I  have  seen  fit  to  treat 
them  as  standard  results^  (except  in  a  few  particular  instmniBes,)  I 
shall  here  ^ive  a  complete  accovmt  of  these  elfperimenti,  employe 
ing  as  much  as  possible  the  actual  words  used  byMefsts:  Oilpifi 
andBIagden  in  their  original  papers^,  published  in  thePhilqsbdhicilI 
Tranaactions  of  th^  Royal  Society,  for  the  years  1790,  1'79§^,  andf 
1794. 
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16.  This  account  will  also  serye  to  show  tka^  researches^  in* 
tended  for  similar  purposes  and  made  under  the  authority  of  other 
gOTernmentSy  should  not  be  performed  roughly  or  by  unskilful  per- 
sons, if  they  are  designed  to  become  the  oasis  of  correct  legisla* 
tion  with  reference  to  the  determination  of  the  strengths  and  cor- 
responding values  of  alcoholic  liquors.  For  certainly,  if  all  the 
toil,  expense,  and  pains  of  several  years'  work,  required  by  the 
researches  of  Messrs.  Gilpin  and  Blagden,  was  considered,  not  only 
bj  the  British  goyernment,  but  by  the  Royal  Society,  indispensable 
to  avoid  errors  of  considerable  magnitude,  it  may  well  be  inferred 
that  a  similar  task  is  one  of  difficulty,  and  which  demands  skill, 
care,  and  labor  on  the  part  of  the  performer. 

17.  The  researches  of  Messrs.  Gilpin  and  Blagden  were  under- 
taken ^^  in  consequence  of  an  application  from  government  to  Sir 
Joseph  Banks,  bart.,  president  of  the  Royal  Society,  for  the  best 
-means  of  ascertaining  the  just  proportion  of  duty  to  be  paid  by 
soiy  kind  of  spirituous  liquor  that  should  come  before  the  officers 
of  excise." 

^^  The  first  step  towards  a  right  performance  of  the  experiments 
was  to  procure  water  and  alcohol  as  pure  as  possible.  Distilled 
water  is  in  all  cases  so  nearly  alike,  that  no  difficulty  occurred 
with  regard  to  it;  but  the  specific  gravity  of  alcohol  had  been 
given  so  very  differently  by  authors  who  had  treated  of  it,  that  a 
particular  set  of  experiments  appeared  necessary  for  determining 
•to  what  degree  of  strength  rectined  spirits  could  conveniently  be 
brought.''  These  experiments  were  confided  to  Dr.  Dollfuss,  a 
Swiss  chemist  residing  in  London;  several  distillers  also  attempted 
to  manufacture  absolute  alcohol;  but  the  results  were  entirely  un- 
isuccessful.  Messrs.  Gilpin  and  Blagden,  therefore,  adopted  alco- 
hol of  the  specific  gravity  0.825  at  60"^  Fahrenheit — water  being 
•unity  at  the  same  temperature — ^as  a  standard  to  which  all  other 
.-spirituous  liquors  might  be  referred. 

18.  ^^The  mixtures  were  made  by  weight,  as  the  only  accurate 
tnethod  of  fixing  the  proportions.  A  phial  being  provided  of  such* 
«ize  that  it  should  be  nearly  full  with  the  mixture,  was  made  per- 
fectly clean  and  dry,  and  being  counterpoised,  as  much  of  the  pure 
spirit  as  appeared  necessary  was  poured  into  it.  The  weight  of 
this  spirit  was  then  ascertained,  and  the  weight  of  distilled  water, 
required  to  make  a  mixture  of  the  intended  proportions,  was  calcu- 
lated. This  quantity  of  water  was  then  added  with  all  the  neces- 
iMtry  care;  the  last  portions  being  put  in  by  means  of  a  well  known 
instrument,  which  is  composed  of  a  small  dish,  terminating  in  a 
tube  drawn  to  a  fine  point:  the  top  of  the  dish  being  covered  with 
the  thumb,  the  liquor  in  it  is  prevented  from  running  out  through 
the  tube  by  the  pressure  of  the  atmosphere,  but  instantly  begins  to 
issue  by  drops,  or  a  very  small  stream,  upon  raising  the  Aumb. 
Water  oeing  thus  introduced  into  the  phial,  till  it  exactly  counter- 
l^oised  the  weight,  which,  having  been  previously  computed,  was 
put  into  the  opposite  scale,  the  phial  was  shaken,  and  then  well 


41S  l^l 

stopped  with  ita  glass  stopple,  oyer  which  leather  was  tied  very 
tight,  to  preyent  eyaporation.  No  mixture  was  used  till  it  had  re- 
mained in  the  phial  at  least  a  month,  for  the  full  penetration  to 
huve  taken  place;  and  it  was  always  well  shaken  before  it  was 
poured  oat  to  haye  its  spesific  gravity  tried." 

19.  In  the  weighings  which  were  made  by  Mr.  Oilpin,  ^^the  yes- 
sel  chosen  as  most  conyenient  for  the  purpose  was  a  hollow  glass 
baJl,  terminating  in  a  neck  of  a  small  bore.  As  the  balance  was 
so  extremely  accurate,  it  was  thought  expedient  to  use  one  of  only 
3,966  grains  capacity,  as  admitting  the  heat  of  any  fluid  contained 
in  it  to  be  more  nicely  determined.  The  ball  of  this  yessel,  which 
may  be  called  the  weighing  bottle,  measured  about  2.8  inches  in 
diameter,  and  was  spherical,  except  a  slight  flattening  on  the  part 
opjpoaite  to  the  neex,  which  senred  as  a  bottom  for  it  te  stand 
upon  4  Its  neck  was  formed  of  a  portion  of  a  barometer  tube  .26 
of  an  inch  in  bore  and  about  1^  inch  long;  it  was  perfectly  cylin- 
drical, and  on  its  outside,  yery  near  the  middle  of  its  length,  a  fine 
circle  or  ring  was  cut  round  it  wkh  a  diamond,  as  the  mark  to 
which  it  was  to  be  filled  with  the  liquor.  This  mark  was  made  by 
fixing  the  bottle  in  a  lathe,  and  turning  it  round  with  great  care  in 
contact  with  the  diamond.  The  glass  of  this  bottle  was  not  yery 
thick;  it  weighed  916  grains,  and,  with  its  silver  cap,  936. 

'^  When  the  specific  gravity  of  a  liquor  was  to  be  taken  by  means 
of  this  bottle,  the  liquor  was  first  brought  nearly  to  the  required 
t-emperature,  and  then  the  bottle  was  filled  with  it  up  to  the  begin- 
ning of  the  neck  only,  that  there  might  be  room  for  shaking  it.  A 
rery  fine  and  sensible  thermometer  was  then  passed  through  the 
neck  of  the  bottle  into  the  contained  liquor,  which  showed  whether 
it  was  above  or  below  the  intended  temperature.  In  the  former 
case  the  bottle  was  brought  into  colder  air,  or  even  plunged  for  a 
moment  in  cold  water;  the  thermometer  in  the  mean  time  being 
frequently  put  into  the  contained  liquor,  till  it  was  found  to  sink 
to  the  right  point.  In  like  manner,  when  the  liquor  was  too  cold 
the  bottle  was  b^rought  into  warmer  air,  immersed  in  warm  water, 
or  more  commonly  held  between  the  hands,  till  upon  repeated  trials 
with  the  thermometer  the  just  temperature  was  found.  It  will  be 
understood  that  during  the  course  of  this  heatine  or  cooling,  the 
bottle  was  very  frequently  shaken  betveen  each  fmrnei^sion  of  the 
tfaermolmeter;  and  the  top  of  the*iieck  was  kept  covered,  either  with 
the  finger,  or  a  silver  cap  made  on  purpose,  as  constantly  as  possi- 
ble. Hot  water  was  used  to  raise  the  temperature  only  in  heats  of 
8D^  and  upwards,  inferior  heats  being  obtained  by  applying  the 
hands  to  the  bottle.  When  the  hot  water  was  employed,  the  ball 
of  the  bottle  was  plunged  into  it  and  again  quickly  liAed  out,  with 
the  accessary  shaking  interposed,  as  often  as  was  necessary  for 
eommunicating  the  required  heat  to  the  liquor;  but  care  was  taken 
to  wipe  the  bottle  dry  after  each  immersion,  before  it  was  shaken, 
lest  any  adhering  moisture  might  by  accident  get  into  it.  The 
liquor  having,  by  these  means,  been  brought  to  the  desired  tern* 
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peratnre)  tke  next  operation  was  to  fill  up  the  bottle  exactly  to  the 
mark  upon  the  neck,  which  was  done  with  some  of  the  same  liquori 
by  means  of  a  glass  fnnnel  with  a  very  small  bore.  Mr.  Gilpin 
endeavored  to  get  that  portion  of  the  liquor  which  was  employed 
for  this  purpose,  pretty  nearly  to  the  temperature  of  the  liquor 
contained  in  the  bottle;  but  as  the  whole  quantity  to  be  added  never 
exceeded  ten  grains,  a  difference  of  ten  degrees  in  the  heat  of  that 
small  quantity,  which  is  more  than  it  ever  amounted  to,  would  have 
occasioned  an  error  of  only  ^V  o^  &  degree  in  the  tetnperature  of 
the  mass.  Enough  of  the  liquor  was  put  in  to  fill  th«  neck  rather 
above  the  mark,  and  the  superfluous  quantity  was  then  absorbed  to 
l?reat  nicety,  by  bringing  into  contact  with  it  the  fine  point  of  a 
small  roll  of  blotting  paper.  As  the  surface  of  the  liquor  in  the 
neck  would  be  always  concave,  the  bottom  or  centre  of  this  con* 
cavity  was  the  part  made  to  coincide  with  the  matrk  round  the 
glass;  and  in  viewing  it,  care  was  taken  that  the  neir  and  opposite 
sides  of  the  mark  should  appear  exactly  in  the  safide  line,  by  which 
means  all  parallax  was  avoided.  A  silver  cap,  which  fitted  tight, 
was  then  put  upon  the  neck  toiprevent  evaporation;  and. the  whole 
apparatus  was,  in  that  state,  laid  in  the  scsile  of  the  balance,  to  be 
weighed  with  all  the  exactness  possible. 

<<20.  The  spirit  employed  by  Mr.  Gilpin  was  furnished  to  him 
by  Dr.  Dollfuss,  under  whose  inspection  it  had  been  rectified  from 
rum  supplied  by  government.  Its  specific  gravity  at  60  degrees  of 
heat  was  .82614.  It  was  first  weighed  pure,  in  the  above  mentioned 
bottle,  at  every  five  degrees  of  heat  from  30^  to  100^  inclusively. 
Then  mixtures  were  formed  of  it  and  distilled  water,  in  every  pro- 
portion from  yV^^  of  water  to  equal  parts  of  water  and  spirit;  the 
quantity  of  water  added  being  successively  augmented,  in  the  pro* 
portion  of  five  grains  to  one  hundred  of  the  spirit;  and  these  mix- 
tures were  also  weighed  in  the  bottle,  like  the  pure  spirit,  at  every 
6  degrees  of  heat.  The  numbers  hence  resulting  are  given  in 
Table  I.,  where  the  first  column  shows  the  degrees  of  heat;  the 
second  gives  the  weight  of  the  pure  spirit  contained  in  the  bottle 
at  those  different  degrees;  the  third  gives  the  weight  of  a  mixture 
in  the  proportions  of  100  parts  by  weight  of  that  spirit  to  5  of 
water;  and  so  on  successively  till  the  water  and  the  spirit  %re  ia 
equal  parts.  The  bottle  itself,  with  its  cap,  having  been  previously 
counterpoised,  these  numbers  are  the  weights  of  the.  liquor  con* 
tained  in  it  in  grains  and  hundredths  of  a  grain.  They  are  the; 
mean  of  three  several  experiments  at  least,  as  Mr«  Gilpin  alwayit 
filled  and  weished  the  bottle  over  again  that  number  of  times,  if 
not  oftener.  The  heat  was  taken  at  the  even  degree,  as  shown  by 
the  thermometer,  without  any  allowance  in  the  first  instance,  be* 
cause  the  coincidence  of  the  mercury  with  a  division  can  be  per*- 
ceived  more  accurately  than  any  fraction  can  be  estimated;  anil 
the  errors  of  the  thermometers,  if  any,  it  was  supposed  would  be 
less  upon  the  grand  divisions  of  5  degrees  than  in  any  others.  It 
must  be  observed,  that  Mr,  Gjlpin  used  the  same  mixture  through- 
out all  the  different  temperatures,  heating  it  up  from  30<^  to  lOO*'; 
hence  some  small  error  in  its  strength  may  have  been  occasioned^ 
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in  the  higher  degrees^  by  more  spirit  evaporating  than  water;  but 
this,  it  is  believedy  most  have  been  trifling,  and  greater  incon- 
venience would  probably  have  resulted  from  interposing  a  fresh 
mixture. 

21.  ^^  In  order  to  deduce  the  specific  gravities  from  the  numbers 
in  the  annexed  table,  it  was  necessary  to  weigh  distilled  water  in 
the  same  vessel. 
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22.  In  computing  the  specific  gravities  from  the  results  of  table 
1,  ^^  the  expansion  of  hollow  glass  was  taken  from  General  Roy's 
experiments  in  the  LXXYth  volume  of  the  Philosophical  Transac- 
tions, as  .0000517  of  an  inch  upon  a  foot  for  every  degree  of  heat; 
whence  its  ^ect,  in  enlarging  the  capacity  of  a  sphere,  was  com- 
puted, and  the  resulting  correction  added  to  the  weight  of  the 
liquors  in  heats  below  60^,  and  subtracted  from  it  in  heats  above." 

^'  Another  correction  also  became  necessary,  on  account  of  a 
part  of  the  stem  of  the  thermometer,  which  was  not  immersed  in 
the  liquor.  This  instrument,  made  by  Ramsden,  had  its  ball  .22 
of  an  inch  in  diameter,  and  its  stem  13  inches  in  length.  From 
the  ball  to  the  commencement  of  the  scale,  3.6  inches  of  the  stem 
were  bare,  and  then  the  scale  began,  which  reached  from  15  to  110 
degrees.  The  part,  of  it  particularly  made  use  of  in  these  experi- 
ments, namely,  from  30^  to  100^,  measured  6.82  inches.  The  scaV^ 
was  made  of  ivory,  and  cairled  divisions  to  every  fifth  of  a  degree, 
the  quarters  of  which  could  be  readily  estimated  ;  so  that  the  in- 
strument could  be  read  oflf  to  twentieths  of  a  degree.  When  the 
thermometer  was  immersed  in  th^  weighing  bottle,  the  liquor 
reached  up  nearly  to  what  would  have  been  0*^  upon  its  stem; 
'hence,  as  the  heat  of  the  room  in  which  the  experiments  were 
made  remained  about  60^,  the  correction  for  the  different  heat  of 
the  quicksilver  in  the  stem  from  that  in.  the  ball  of  the  thermo- 
meter was  calculated  according  to  Mr.  Cavendish's  table,  given  in 
the  LXYIIth  volume  of  the  Philosophical  Transactions.  Thus  the 
real  heat  of  the  fluid  in  the  weighing  bottle  being  found,  an  allow- 
ance was  made  to  reduce  it  to  the  exact  degree  indicated  on  the 
scale  of  the'  thermometer.'' 

23.  "  The  precise  specific  gravity  of  the  pure  spirit  employed 
was  .82514;  but,  to  avoid  an  inconvenient  fraction,  it  was  taken 
in  constructing  table  2,  of  specific  gravities,  as  .825  only,  a  pro- 
portionable deduction  being  made  from  all  the  other  numbers. 
Thus  the  following  table  gives  the  true  specific  gravity  at  the  dif- 
ferent degrees  of  heat,  of  a  pure  rectified  spirit,  whose  specific 
gravity,  at  60^,  is  0.825,  together  with  the  specific  gravities  of 
different  mixtures  of  it  with  water,  at  those  different  temperatures, 
as  far  as  equal  parts  by  weight." 
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24.  In  justification  of  their  adoption  of  the  above  described 
method  for  determining  the  specific  gravities  in  preference  to  that 
of  weighing  an  immersed  body,  Messrs.  Gilpin  &  Blagden  assign 
the  following  reasons  :  ^^  When  a  ball  of  glass,  which  i#  the 
properest  kind  of  solid  body,  is  weighed  in  any  spirituous  or 
watery  fluid,  the  adhesion  of  the  fluid  occasions  some  inaccuracy, 
and  renders  the  balance  comparatively  sluggish.  To  what  degree 
this  effect  proceeds, is  uncertain;  but, from  some  experiments  made 
by  Mr.  Gilpin,  with  that  view,  it  appears  to  be  very  sensible. 
Moreover,  in  this  method  a  large  surface  must  be  exposed  to  the 
air  during  the  operation  of  weighing,  which,  especially  in  the 
higher  temperatures,  would  give,  occasion  to  such  an  evaporation 
as  to  alter  essentially  the  strength  of  the  mixture.  It  seemed, 
also,  as  if  the  temperature  of  the  fluid  under  trial  could  be  deter- 
mined more  exactly  in  the  method  of  filling  a  vessel  than  in  the 
other;  for  the  fluid  cannot  well  be  stirred  while  the  ball  to  be 
weighed  remains  immersed  in  it;  and  as  some  time  must  necessarily 
be  spent  in  the  weighing,  the  change  of  heat  which  takes  place 
during  that  period  will  be  unequal  through  the  mass,  and  may 
occasion  a  sensible  error.  It  is  true,  on  the  other  hand,  that  in 
the  method  of  filling  a  vessel,  the  temperature  could  not  be  ascer- 
tained with  the  utmost  precision,  because  the  neck  of  the  vessel  em- 
ployed, containing  about  ten  grains,  was  filled  up  to  the  mark  with 
spirit  not  exactly  of  the  same  temperature,  as  will  be  explained 
presently;  but  this  error,  it  is  supposed,  would  by.no  means  equal 
the  other;  and  the  utmost  quantity  of  it  may  be  estimated  very 
nearly.  Finally,  it  was  much  easier  to  bring  the  .fluid  to  any 
given  temperature,  when  it  was  in  a  vessel  to  be  weighed-,  than 
when  it  was  to  have  a  solid  body  weighed  in  it;  because,  in  the 
former  case,  the  quantity  was'smaller,  and  the  vessel  containing  it 
more  manageable,  being  readily  heated  with  the  hand  or  warm 
water,  and  cooled  with  cold  water;  and  the  very  circumstance 
that  so  much  of  the  fluid  was  not  required,  proved  a  material 
convenience.  The  particular  disadvantage  in  the  method  of  weigh- 
ing in  a  vessel,  is  the  difficulty  of  filling  it  with  extreme  accuracy; 
but  when  the  vessel  is  judiciously  and  neatly  marked,  the  error 
of  filling  will,  with  due  care,  be  exceedingly  minute.  By  several 
repetitions  of  the  same  experiment,  Mr.  Gilpin  seemed  to  bring  it 
within  the  TsiirT^Ji  P^^^  of  ^^^  whole  weight." 

^'  Perhaps  some  persons  may  object  to  the.  preceding  experiments 
on  account  of  the  small  quantities  mixed  and  weighed.  Undoubt- 
edly, experiments  on  a  large  scale  have  some  advantages,  but  these, 
in  general,  depend  more  on  the  coarseness  of  tools,  and  clumsiness 
of  operators,  than  on  the  nature  of  the  operations.  If  instruments 
be  exceedingly  exact,  and  the  experimenter  equal  to  the  task  of 
using  them  properly,  the  errors  upon  moderate  quantities  will  be 
quite  as  small  in  proportion  as  upon  large;  and,  in  this  particular 
instance,  when  the  greatest  source  of  error  lay  in  the  determination 
of  the  heat,  the  smaller  quantities  bad,  in  that  respect,  an  evident 
advantage;  it  being  much  easier  to  bring  six  ounces  of  a  liquor  to 
an  uniform  temperature  than  so  many  gallons.     One  of  our  most 
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essential  instruments,  namely,  the  balance,  was  so  much  superior 
in  nicety  to  anything  that  could  be  wanted  in  these  experiments^ 
that  error  in  weighing  must  be  thrown  entirely  out  of  the  question. 
It  v^s  constructed  by  Mr.  Ramsden;  and  some  account,  though 
yery  imperfect,  of  its  admirable  mechanism,  as  well  as  of  its  ex« 
treme  sensibility,  even  when  loaded  with  considerable  weights,  has 
been  given  in  the  23d  volume  of  the  Journal  de  Physique.'' 

25.  Two  years  after  the  report  had  been  published,  from  which 
the  above  extracts  have  been  made,  Messrs.  Blagdeu  &  Oilpin 
made  a  second  or  supplementary  report.*  In  this  it  is  stated,  that  the 
first  report  having  been  ^^  drawn  up,  when  the  experiments  had  been 
continued  only  to  equal  quantities  of  alcohol  and  water,  it  was 
foreseen  that  a  further  set  of  experiments,  on  more  dilute  liquors, 
would  be  wanted;  but,  as  these  must  necessarily  take  up  a  con- 
siderable time,  the  persons  concerned  thought  it  best  to  submit 
those  already  made  to  the  public;  that  if  errors  or  inaccuracies 
should  be  discovered  they  might  be  avoided,  and  if  any  person 
should  suggest  a  better  method  it  might  be  adopted  in  the  subse- 
quent proceedings.  As  no  censure  had  yet  been  passed  on  our 
former  experiments,  the  same  general  method  was  pursued  for  the 
new  series;  with  a  small  variation,  however,  the  reason  of  which  is 
now  to  be  explained." 

^^  In  the  report  on  the  first  experiments,  the  following  remark  is 
introduced:  ^  It;  must  be  observed  that  Mr.  Gilpin  used  the  same 
mixture  throughout  all  the  different  temperatures,  heating  it  up 
from  30^  to  100^?  iience,  some  small  error  in  its  strength  may  have 
been  occasoned  in  the  higher  degrees,  by  more  spirit  evaporating 
than  water;  but  this,  it  is  believed,  must  have  been  trifling,  and 
greater  inconvenience  would  probably  have  resulted  from  inter- 
posing a  fresh  mixture.'  The  consciousness  that  such  a  source  of 
error  existed,  made  us  desirous  of  ascertaining  to  what  quantity 
it  amounted,  by  some  previous  experiments,  before  the  new  set 
should  be  begun.  These  showed  that  it  was  somewhat  greater 
than  had  been  supposed,  though  not  such  as  ever  to  cause  a  differ- 
ence of  more  than  a  single  unit  in  the  third  place  of  decimals,  even 
in  the  temperature  of  100^.  The  greatest  difference  found  in  that 
degree  of  heat  was  .00094;  and  in  a  heat  of  80^,  the  highest  to 
which  the  tables  for  use  were  to  be  carried,  it  amounted  only  to 
0.00064;  being  in  both  cases  greatest  when  the  mixture  consisted  of 
86  parts  of  water,  by  weight,  to  100  of  alcohol.  This  difference^ 
however,  small  as  it  was,  afforded  sufficient  reason  for  repeating 
all  the  former  experiments,  conjointly  with  the  new  set  for  dilute, 
spirits,  so  as  to  make  one  entire  series  with  the  same  spirit,  and 
executed  throughout  in  an  uniform  manner.  To  obviate  the  error 
from  evaporation  in  this  series,  and  ascertain  what  each  mixture 
really  lost  of  its  strength  during  the  operation,  all  the  fluids  were 
first  weighed  at  60^  before  they  were   cooled  down  to  30^;   froiA 
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30^  to  100^  they  were  weighed  at  every  6  degrees,  as  before,  con- 
sequently a  second  time  at  60^;  and  lastly,  after  having  been  heated 
to  100^,  they  were  again  brought  to  60^,  and  weighed  at  that  point 
a  third  time.  The  difference  between  these  weights,  at  the  begin- 
ning, middle,  and  end  of  the  experiment,  was  applied,  in  due  pro- 
portion, to  correct  the  numbers  of  the  respective  intervals  between 
them;  by  which  means  it  is  believed  that  the  error  arising  from  the 
gradual  evaporation  of  (he  spirit,  during  the  experiment,  has  been 
made  to  disappear.  Mr.  Oilpin,  having  also  observed  that  the 
spirits  adhering  to  the  sides  of  the  funnel  which  he  employed  to  fill 
up  the  weighing  bottle  grew  weak  by  the  evaporation,  and  so  di- 
luted the  fresh  spirit  poured  into  the  funnel^  determined  to  use  a 
smaller  instrument  of  this  kind,  namely,  such  an  one  as  would  not 
hofd  more  than  15  grains  of  spirit;  in  which,  a  less  surface  being 
left  wet  when  the  spirit  ran  out,  the  error  from  this  cause  would 
be  proportionably  diminished." 

26^  <^  Under  all  these  precautions  were  the  experiments  made,  of 
which  the  results  are  given  in  the  following  tables.  They  are  drawn 
up  exactly  like  the  tables  in  the  former  report ;  but,  as  alcohol  was 
taken  for  the  fixed  quantity  in  the  first  half,  so  water  is  taken  for 
the  fixed  quantity  in  the  last  half;  which,  therefore,  consists  of 
mixtures  containing  all  100  grains  of  water,  with  95  grains,  90, 
85,  and  so  on  successively  of  alcohol,  till  the  last  column  is  pure 
water.-  This  arrangement  will  be  clear  to  every  one  on  reading  the 
title  of  each  column  of  the  tables.  The  first  table  gives  the  actual 
weights  at  the  even  degree  of  the  thermometer,  corrected  for  the 
evaporation  ;  and  the  second  table  gives  the  specific  gravities,  cal- 
culated from  those  weights,  with  the  same  allowances  and  correc- 
tions as  were  specified  m  the  original  report." 
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27.  Although  i'be  first  series  of  resuTts  of  Messrs.  Gilpin  and 
Blaecden  escaped  criticism  until  the  second  series  had  been  per- 
formed, yet  ^^  when  all  the  experiments  had  been  completed  and 
the  tables  given  were  just  brought  into  order,  an  ingenious  member 
of  the  Royal  Society  (Mr.  Ramsden)  scarcely,  less  celebrated  for 
his  theoretical  knowledge  than  his  skill  as  an  artist,  published  a 
pamphlet  containing  censures  on  the  first  experiments,  and  pro- 
posing other  me.thods,  as  much  superior  to  those  adopted." 

In  answer  to  those  censures  they  remark:  ^^  This  pamphlet  makes 
it  necessary  to  assign  the  motives  of  our  preference,  that  the  public 
may  judge  how  far  we  are  justified. 

^^  As  to  the  proportions  of  the  mixtures,  which  were  made  by 
taking  aq  equal  quantity  of  spirit  in  every  instance,  and  adding  to  it 
successively   larger   quantities   of  distilled  water,  as   far  as  to  an 

,  equal  weight,  with  the  intention  of  going  through  the  watery  mix- 
tures on  the  8amej)1an.  This  was  done  for  the  following  reasons: 
l.»  Because  it  w^as  thought  more  likely  to  avoid  blunders,  if  the 
quantity  of  only  one  of  the  ingredients  was.  changeable,  that  the 
operator  might  not  have  his  attention  distracted  with  computing 
and  weighing  out  two  dififerent  quantities  for  each  mixture.  2.  Be- 
cause by  this  progression  the  experiments  come  closet  together 
about  the  medium  degrees  of  strength,  where  it  was  supposed  most 
accuracy  would  be  wanted  for  practice.  3.  As  it  was  thought 
from  the  first,  that  the  best  method  of  adjusting  the  duty  would  be 
by  the  absolute  quantity  of  alcohol  in  any  mixture,  rather  than  the 
proportion  per  cent.,  or  the  strength  above  or  under  proof,  it  was 
judged  most  expedient  not  to  make  the  mixtures  on  either  of  the 
two  last  mentioned  principles,  lest  an  undue  bias  should  be  given 
to  the  judgment,  merely  from  the  mode  of  conducting  the  experi- 
ments.    No  real  difficulty  can  arise  #n  forming  tables  of  any  kind 

'  out  of  these  numbers,  which  answer  to  an  harmonic  progression  of 
strength.  If  the  operation  be  tedious  to  obtain  the  specific  gravity 
of  any  single  proportion  ^er  cent,  or  otherwise  of  alcohol  and 
water,  the  trouble  of  reducing  the  whole  to  a  table  would  not  be 
great*)  and  when  once  executed,  it  is  done  forever." 

28.  ^^It  is  now  to  be  explained  why  we  undertook  to  determine 
the  effect  of  heat  and  cold  on  th^  fluids  by  mean^  of  the  weighing 
tottle.  When,  preparatory  to  our  former  experiments,  that  part  of 
the  subject  came  under  our  consideration,  the  method  of  ascertain- 
ing the  expansions  and  contractions,  by  means  of  instruments  like 
thermometers,  was  one  of  the  first  that  presented  itself.  On  this 
occasion  Mr.  Cavendish  was  so  good  as  to  mention  some  experi- 
ments made  by  his  father,  Lord  Charles  Cavendish,  with  instru- 
ments on  that  construction,  for  the  very  purpose  of  determining 
the  expansion  of  fluids,  and  other  experiments  of  the  same  nature, 
Iiave  appeared  in  print.  The  application  of  this  method,  boweveri 
vas  thought  liable  to  a  most  important  objection,  from  the  great 
difficulty  there  is  of  being  sure  that  the  spirits  in  the  ball  are  ex- 
actly of  the  temperature  indicated  by  the  thermometer  placed  by 

\tlie  side  of  it.    To  enlarge  upon  this  circumstance  would  be  use* 
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less,  as  every  person  accustomed  to  experiments  is  aware  that  all 
possible  precautions,  joined  to  the  utmost  attention  in  the  observer, 
are  scarcely  sufficient  to  insure  this  essential  correspondence  of  < 
temperature;  which  reason  alone  would  have  induced  us  to  prefer 
the  method  by  weight.  But  there  was  another  argument  which 
still  more  forcibly  determined  us  in  favor  of  the  latter;  namely, 
that  the  effect  of  mixture  was  found  in  that  wa},  and  therefore  we 
were  sure  it  admitted  of  as  great  accuracy  as  was  obtained  in  the 
other  part  of  the  experiments.  Greater  nicety,  if  theje  had  been 
a  method  which  allowed  it,  would  have  been  superfluous;  and  to 
incur,  the  risk  of  less  accuracy  would  have  been  absolutely  unjusti- 
fiable. By  using  the  same  method  to  determine  all  the  changes  of 
specific  gravity,  those  from  heat  as  well  as  those  from  mixture,  an 
uniformity  is  given  to  the  whole  seric;^  of  experiments,  and  no  one 
part  of  the  results  is  liable  to  more  suspicion  than  another. 
)  ^^  Till  this  time,  I  believe,  the  instruments  with  a  ball  and  tube, 
for  trying  expansiohs,  had  all  been  constructed  in  the  manner  of 
real  thermometers,  to  be  filled  by  means  of  heat ;  which  circum- 
stance, and  the  trouble  attending  it,  was  ti  further  objection  to 
their  use  ;  but,  in  the  pamphlet  above  mentioned,  are  proposed  two 
instruments  of  this  nature,  to  be  filled  without  heat — one  beine 
provi(|ed  with  two  equal  tubes,  the  other  with  a  short  tube,  closed 
oy  a  stopper.  Though  both  these  instruments^  and  especially  the 
latter^  seemed  liable  to  several  causes  of  error;  yet,  to  remove 
deubt,  and  bring  the  method  by  weight  to  a  proper  test,  Mr.  Gil- 
pin was  desired  to  make  some  trials  with  them.  With  no  sm^l 
difficulty,  Mr.  Gilpin  got  the  instruments  executed;  and  an  account 
of  the  experiments  to  which  he  subjected  them  shall  be  given  in 
his  own  words  at  the  end  of  this  report.*  From  the  perusal  of 
that  account,  it  will  be  perceived  that  the  disagreement  of  the 
experiments  among  themselves  is  nearly  equal  to  the  quantity  by 
which  any  of  them  differ  from  the  expansions  as  obtained  by 
weight.  On  the  whole,  however,  they  give  the  expansion  some- 
what less,  the  cause  of  which  I  do  not  see;  possibly  it  may  depend 
on  the  fluid  in  the  ball  not  being  quite  heated  and  cooled  to  the 
degree  shown  by  the  accompanying  thermometer;  possibly  there 
may  be  a  difference  in  the  expansion  of  the  glass  with  which  the 
instruments  were  made,  and  that  of  the  weighing, bottle;  for  these 
numbers  are  in  both  cases  the  excess  of  the  expansion  of  the  fluid 
over  glass ;  or  it  may  turn  on  some  other  circumstance  which  has 
eluded  our  attention.  Whatever  may  have  occasioned  the  deficiency, 
I  think  the  experiments  will  satisfy  any  one  that  most  dependence 
is  to  be  placed  on  the  weights;  and,  at  all  events,  the  difference  is 
not  such  as  to  affect  the  third  place  of  decimals,  or,  consequently, 
the  table  intended  for  practice." 

f  29.  "It  is  true  that  the  txpcriments  by  weight  took  up  much 
time,  and  demanded  great  patience.  But  I  believe  that  similar 
experiments,  by  the  methods  recommended  in  the  pamphlet,  if  ex- 

•  PhUo*.  Tram.,  vol.  82,  p.  439.— 1792. 
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!«ciited  with  tbe  same  degree  ofaccuracj^  would  be  found  not  muek 
lless  tedious.  However  this  may  be,  it  is  a  consideration  of  no 
consequencei  provided  tbe  results  at  length  obtained  be  right. 
NoW)  of  these  there  is  no  direct  impeachment,  though  some  doubts 
are  thrown  upon  them  on  four  accounts — evaporation,  condensation 
of  moisture  on  the  weighing  bottle,  difficulty  of  shaking  th^  fluid  , 
in  it,  and  uncertainty  in  determining  the  heat.  With  regard  to 
evaporation,  its  effect,  we  hope,  has  been  ascertained  and  allowed 
for  in  these  new  experiments.  All  error  from  condensation  of 
moisture  was  obviated  by  careful  wiping.  The  fluid  in  the  weigh- 
ii|g  bottle  was  agitated  and  mixed  together  by  means  pf  the  ther- 
mometer immersed  in  it :  besides  which,  a  considerable  degree  of 
motion  could  be  given  to  it,  even  when  the  ball  was  very  nearly 
full,  by  shaking  the  bottle  in  various  directions.  Mr.  Gilpin's 
known  accuracy,  and  the  caVe  he  bestowed  on  these  experimentS| 
must  gain  hiin  credit  for  having  duly  watched  the  thermometer,  so 
as  to  seize  the  moment^  when  it  gave  the  just  temperature  of  the 
mass. 

^^  Our  experiments  were  finished,  and  the  tables  now  given  were 
drawn  out,  before  the  appearance  of  Mr.  Ramsden's  pamphlet.  Yet,  * 
if  any  of  the  methods  he  proposed  had  been  really  preferable,  the 
whole  series  should  have  been  repeated  on  that  new  plan,  and  par- 
ticularly with  regard  to  the  effect  of  heat,  if  the  instruments  for 
that  purpos,e  had  been  found  to  answer  the  character  given  of 
them.  But,  as  this  was  not  the  case,  we  have  thought  it  right  to 
adhere  to  an  obvious  and  direct  method,  in  which,  however  labori- 
ous, there  can  be  no  fallacy,  and  the  uniformity  of  which  insures 
«n  equal  degree  of  accuracy  to  every  part  of  the  operation." 

30.  With  reference  to  the  best  mode  of  determining  the  duty 
which  should  be  paid  upon  any  liquor,  Mr.  Blagden,  in  his  first  re- 
port, remarks:  ^'  The  simplest  and  most  equitable  method  of  levy- 
inf^  the  duty  on  spirituous  liquors  would  be  to  consider  rectified 
i^pirit  as  the  true  and  only  excisable  matter*  On  this  principle  all 
such  liquors  would  pay  exactly  according  to  the  quantity  of  recti- 
fied spirit  they  contain;  so  that  when  a  cask,  for  instance,  of  any 
spirits  was  presented  to  the  revenue  officer,  his  .business  would  be 
to  determine  from  the  quantity,  specific  gravity,  and  temperature 
of  the  liquor,  how  many  gallons,  or  pounds,  of  rectified  spirit  enter 
into  its  composition,  each  of  which  gallons  or  pounds  should  be 
charged  a  certain  sum.  The  complicated  regulations  attending  the 
adaptation  of  the  duties  to  different  degrees  of  strength  would  thus 
be  avoided;  anJ  it  is  believed  that  many  frauds  might  be  preventedy 
which  artful  persons  have  now  an  opportunity  of  practising  by  al- 
tering the  strength  of  their  spirit  in  a  variety. of  ways.  From  the 
tables  already  recommended,  it  would  be  easy  to  deduce  this  quan- 
tity of  rectified  spirit,  either  b}^  weight  or  measure,  in  any  given 
quantity  of  a  spirituous  liquor:  or  other  tables  might  be  constructed 
which  should  )show  it  at  once  by  inspection. 

31.  -'^If,  however,  it  be  thought  by  government  most  expedient 
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^Hit  lo  Btke  any  etaentUl  change  in  the  preaent  mannar  of  colket- 
ing  this  article  of  the  revenuey  I  would  at  least  recommeDd  ^that 
the  apacifie  gravity  should  be  substituted  for  the  relation  to  praaf 
jqpirit.  Thus,  instead  of  ordering  so  much  duty  per  gallon  lo  be 
paid  by  spirits  one  to  six  under  proof,  it  may  be  enacted  that  the 
same  sum  shall  be  paid  by  spiritof  .9336  specific  gravity;  or,  not  to 
.b^  too  precisei  by  spirit  from  ^930  to'  .935,  and  so  on  for  any  other 
^agrees  of  strength;  a[  certain  temperature,  suppose  60^,  beinr 
always  understood  to  be  meant  when  specific  gravity  is  mentioned 
in  an  act  of  Parliament. 

^^  The  duties  to  be  laid,  according  to  either  of  these  methods, 
may  readily  be  adjusted  or  eq^ualized  to  those  paid  at  presept,  as 
far  as  the  latter  cati  be  determined  from  act  of  2  George  ill.,  refer* 
•xed  to  above,  or  by  any  of  the  instruments  now^n  uset" 

32.  ^^  The  reasons  for  not  adopting  proof  spirit,  the  standard  to 
which  most  of  the  regulations  of  the  excise  have  hitherto  been  re* 
ferred,  are:  First,  the  strength  of  spirit  to  be  called  proof  is  a 
•mere  arbitrary  point',  and  by  no  means  so  exactly  determined  as 
could  be  wished.  And,  secondly,  that  it  seemed  most  convenient 
to  take  for  the  standard  the  highest  strength  of  spirit  usually  fouttd 
,  in  commerce',  and  beypnd  which  it  cannot  b<e  rectified  without  a 
process  of  some  expense;  so  that  all  the  other  degrees- of  ^strength 
might  be  reckoned  one  way,  without  the  intervention  of  a  middle 
|>oint,  inducing  the  necessity  of  denominating  some  aftot^eand  others 
under.  If,  however,  government  should  find  it  expedient  to  preserve 
ike  reference  to  proof  spirit,  from  the  tables  given  in  this  report, 
others  may  be  constructed  in  whieh  all  the  old  terms  of  over  »ikd  un- 
der proof  should  be  retained,  and  have  a  precise  meaning,  as  soon  as 
the  strength  to  be  called  praof  shall  be  finally  settled.  By  the  act  of 
-S  George  III.,  it  is  ordered,  that  the  gallon  of  brandy  or  spirits  of  the 
strength  of  one  to  six,  under  proof,  shall  be  taken  and  reckoned  at 
7  lbs.  13  oz.,  which  is  understood  by  the  trade  to  mean  at  56^  of 
)ieat.  Hence,  taking  the  weight  of  a  gallon  of  water,  at  the  same 
keat,  to  be  8  lbs.  6.66,  &c.,  oz.^  the  specific  gravity  of  this  diluted 
apirit  will  be  found,  .9335,  at  60^;  whence,  by  a  computation 
founded  on  the  tables  in  this  report,  the  specific  gravity  of  proof 
aiHrit  will  come  out,  .916.  But  the  rulers  of  correction  belonging 
to  Dieas?s  and  Quin's  hydrometers  .give  the  specific  gravity  of 
.proof  apirits,  about  .922,  at  bd"";  equivalent  to  .920,  at  60^.  The 
former,  .916,  corresponds  to  a  nuxture  of  100  parts  of  spirit  with 
S2  by  measure,  or  75  by  weight,  of  water;  and  the  latter,  .920,  to 
a  mixture  of  100  parts  of  spirit  and  66  by  measure,  or  80  by  weight, 
of  water.  The  difiference  is  considerable;  but  the  first  is  undoubt- 
edly most  conformable  to  the  existing  acts  of  Parliament.  If, 
therefore,  it  be  thought  right  to  preserve  the  term  proof  spirit  in 
our  excise  laws,  it  may  be  understood  to  mean  spirit,  whose  spe- 
cific gravity  is  .916,  and  which  is  composed  of  100  parts  of  recti- 
fied spirit,  at  .826,  and  62  parts  of  water  by  measure,  v  76  by 
weight;  the  whole  at  60  degrees  of  heat. 

<<I  have  chosen  this  point  of  the  thermometer,  60^,  in  preference 
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to  65°,  because  it  is  much  the  most  suitable  for  Experiments,  being- 
the  temperature  at  which  a  room  feels  pleasant,  and  in  which  any 
operation,  however  slow  and  tedious,  can  be  executed  without  the 
uneasy  sensation  of  cold:  for  this  reason  it  has  been  adopted  by 
many  English  philosophers." 

33.  In  the  second  or  supplementary  report,  Mr.  Blagdepi  adds; 
^^  I  am  still  of  the  opinion,  that'  the  best  way  of  laying  the  duty 
would  be  directly  on  the  quantity  of  alcohol  .contained  in  any  com- 
positionf  As  the  same  principle  may  be  applied  in  estimating  the 
strength,  and  taking  stock,  I  will  mention  in  what  manner  the 
computation  can  be  most  readily  made.  From  the  numbers  in  this 
supplementary  report,  a  table  must  be  constructed,  on  th^  top  of 
which  shall  stand  tvery  degree  of  heat,  from  40,  or  30,  to  80;  and  at 
the  side  eyery  specific  gravity,  from  .825  to  1,000,  if  it  be  thought 
necessary,  or  as  much  as  will  answer  the  purpose.  The  places  of 
this  table  are  to  be  filled  up  by  computing  from  the  original  tables, 
the  quantity,  by  measure,  of  alcohol  and  water  corresponding  to 
each  specific  gravity  and  degree  of  bent,  and  then  dividing  the 
quantity  of  alcohol  by  the  whole  quantity  of  the  mixture;  thus  a 
decimal  multiplier  will  be  obtained,  which  must  be  put  in  the  com- 
partment of  the  table  formed  by  the  intersection  of  the  columns  of 
that  particular. heat  and  specific  gravity.  When  the  table  is  com- 
pleted in  this  manner,  we  have  only  to  multiply  the  contents  of 
any  cask,  as  found  on  guaging  it,  by  the  decimal  number  given  in 
the  table  for  the  heat  and  specific  gravity  of  the  liquor,  and  the 
product  wiil  be  the  quantity  of  pure  alcohol  it  contains.  Hence 
it  must  be  evident,  that  no  objection  can  lie  to  this  method  on  ac- 
count of  difficulty."  • 

34.  Finally,  in  the  third  and  last  report,  (a  second  interval  of 
two  years  having  elapsed,)  Messrs.  Gilpin  &  Blagden  give  a  table 
of  such  ^^  decimal  multipliers,"  computed  from  the  data  contained 
in  the  table  of  the  supplementary  report,  {ind  ^'  by  means  of  which, 
the  quantity,  by  measure,  of  standard  pure  spirit,  of  .825  specific 
gravity,  at  60°  of  heat,  may  at  once  be  ascertained,  the  temperature 
and  specific  gravity  of  the  liquor  being  given;  pursuant  to  the  idea 
suggested  in  the  first  report,  that  ^  the  simplest  and  inost  equitable 
method  of  levying  the  duty  on  spirituous  liquors  would  be,  to  con- 
sider rectified  spirit  (alcohol)  as  the  true  and  only  excisable 
matter.' "  ^ 

From  the  table  to  which  reference  is  made,  the  following  less 
complete  one  has  been  compiled: 
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36.  Of  instruments  to  be  used  by  the  revenue  officers,  Messrs. 
Oilpin  and  Blagden  express  the  opinion  that  ^^  the, readiest  way  of 
ascertaining  specific  gravities,  and  undoubtedly  the  most  conveni- 
ent for  public  business,  is  by  hydrometers ;  and  those  of  the  sim- 
plest construction  are  best  upon  the  whole,  especially  if  more  accu- 
rate means  are  kept  at  hand  to  be  resorted  to  in  case  of  disputes. 
That  wJiich  can  be  managed  with  the  greatest  facility  and  quick- 
ness, which  affords  the  least  opportunity  of  making  blunders,  which 
is  least  liable  to  be  out  of  order,  and  shows  most  immediately  if  it 
be  so,  will  unquestionably  prove  the  most  satisfactory  in  practice." 

To  glass  hydrometers  they  give  the  preference  ^^as  the'most  cer- 
tain,'^ and  reject  those  of  copper  and  other  metals  ^^  on  account  of 
the  errors  which  small  and  almost  imperceptible  bruises  in  them 
might  occasion." 

.  As  disputes  will  sometimes  arise,  they  recommend  that  ^^  some  of 
the  principal  excise  officers  should  be  provided  with  a  good  pair  of 
scales  and  a  weighing  bottle  proper!y  marked,  the  quantity  of 
whose  contents  of  distilled  water  at  60^  had  been  previously  de- 
termined. By  filling  this  bottle  up  to  the  mark  with  the  spirit  in 
question,  and  dividing  its  increase  of  weight  by  the  given  weight 
of  water  required  to  fill  it,  the  specific^ gravity  of  the  spirit  would 
be  better  ascertained,  even  under  the  management  of  a  common  ope- 
rator, than  by  the  most  dextrous  use  of  the  hydrometer." 

Subsequent  inquiries  of  the  British  government. 

36.  In  my  former  report  on  the  subject  of  hydrometers,  I  have 
remarked*  ^^  it  is  a  fact,  strange  and  unaccountable  as  it  may  ap- 
pear, that  though  Messrs.  Oilpin  and  Blagden  performed  their  task 
in  a  manner  which  could  not  have  been  surpassed,  and  obtained 
nearly  all  the  information  requisite  to  furnish  a  perfect  instrument 
and  system  of  inspection  for  spirits,  the  British  government  neg- 
lected to  apply  the  knowledge  obtained  to  its  legitimate  object  ; 
and  twenty  years  afterwards,  the  complicated,  imperfect  and  un- 
certain hydrometer  of  Sikes  was  established  by  law  as  that  to  be 
used  in  the  revenue  of  the  United  Kingdom,  though  its  basis  and 
method  of  construction  are,  to  a  great  extent,  arbitrary,  and  seem 
to  have  been  kept  secret  by  its  inventor  for  purposes  of  personal 
emolument." 

That  1  am  correct  in  attributing  to  the  British  government  such 
neglect  and  erroneous  action  is  established  by  its  subsequent  appli- 
cation to  the  Royal  Society,  and  the  report  of  the  committee  to 
whom  the  matter  was  referred.  I  have  been  unable  to  find  that  re-^ 
port,  for  which  I  have  searched  diligently,  both  in  the  published 
transactions  of  the  Royal  Society  and  in  the  British  Parliamentary 
documents,  and,  therefore,  I  extract  from  Ure's  Dictionary!  the  only 
account  of  its  contents  to  which  I  have  been  able  to  refer. 


*Seoate  docnment  No.  165,  28th  Coogress,  2d  sesnon,  paffo  71. 
t  Ure's  Dictionary  of  Arts  and  Manulaotareaj  page  20  *.  Xiondon,  1840. 
'29 
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37.  ^'  The  importance  of  extreme  accuracy  in  determining  the 
.density  of  alcoholic  mixtures  in  the  United  Kingdom^  on  account 
of  the  great  revenue  derived  from  them  to  the  Stale,  and  their  con- 
sequent high  price  in  commerce,  induced  the  Lords  of  the  Treasu- 
ry a  few  years  ago  to  request  the  Royal  Society  to  examine  the 
construction  and  mode  of  applying  the  instrument  now  in  use  for 
ascertaining  and  charging  the  duty  on  spirits.  This  instrument, 
which  is  known  and  described  in  the  law  as  Sykes's  hydrometer, 
possesses  in  many  respects  decided  advantages  over  those  formerly 
in  use.  The  committee  of  the  Royal  Society  Qtate  that  a  definite 
mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as  abso- 
lute alcohol  can  be,  and  can  be  more  readily  and  with  equal  accu- 
racy iSentified  by  that  only  quality  or  condition  to  which  recourse 
can  be  had  in  practice,  namely,  specific  gravity.  The  committee 
further  proposed,  that  the  standard  spirit  be  that  which,  consisting 
of  alcohol  i^n4  water  alone,  shall  have  a  specific  gravity  of  0  92  at 
the  temperature  of  62^  Fahrenheit,  water  being  unity  at  the  same 
temperature  ;  or,  in  other  words,  that  it  shall,  at  62^,  weigh  tW^' 
II  of  an  equal  bulk  of  water  at  the  same  temperature. 

^'This  standard  is  rather  weaker  than  the  old  proof,  which  was 
\^  or  0.923;  or  in  the  proportion  of  nearly  1.1  gallon  of  the 
present  proof  spirit  ppr  cent.  The  proposed  standard  will  contaLa 
nearly  one-half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  give  the  indication  of  strength,  not 
upon  an  arbitrary  scale,  but  in  terms  of  specific  gravity  at  the  tem- 
perature of  62^.''  ' 

38.  '^The  committee- recommend  the  construction  of  an  equation 
table,  which  shall  indicate  the  same  strength  of  spirit  at  every 
temperature.  Thus,  in  standard  spirit  at  62^,  the  hydrometer  would 
indicate  .920,  which,  in  this  table,  would  give  proof  spirit.  If  that 
same  spirit  were  cooled  to  40^,  the  hydrometer  would  indicate 
some  higher  number;  but  which,  being  combined  in  the  table  with 
the  temperature  as  indicated  by  the  thermometer,  should  still  give 
proof  or  standard  spirit  as  the  result." 

39.  ^'It  is  considered  advisable,  in  this  and  the  other  tables,  not 
to  express  the  quality  of  the  spirit  by  any  number  over  or  under 
proof,  but  to  indicate  at  once  the  number  of  gallons  of  standard 
spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  under 
examination.  Thus,  instead  of  saying  23  over  proof,  it  is  proposed 
to  insert  123;  and  in  place  of  35.4  under  proof,  to  insert  its  differ- 
ence to  lOO;  or  64.6.'' 

40.  <4t  has  been  considered  expedient  to  recommend  a  second 
table  to  be  constructed,  so  as  to  show  the  bulk  of  spirit  of  any 
strength  at  any  temperature,  relative  to  a  standard  bulk  of  100 
gallons  at  62^.  In  this  table  a  spirit,  which  had  diminished  in 
volume,  at  any  given  temperature,  0.7  per  cent.,  for  example,  would 
be  expressed  by  99.3,  and  a  spirit  which  had  increased  at  any  given 
temperature  0.7  per  cent.,  by  100.7." 
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41.  ^^When  a  sample  of  spirit,  therefore,  has  been  examined  by 
the  hydrometer  and  thermometer,  these  tables  will  give  first  the 
proportion  of  standard  spirit  at  the  observed  temperature,  and  next 
the  change  of  bulk  of  such  spirit  from  v^hat  it  would  be  at  the 
standard  temperature.  Thus,  at  the  temperature  of  51^,  and  with 
an  indication  (Sp.  gr.)  of  .8240,  100  gallons  of  the  spirit  under 
examination  would  be  shown  by  the  first  table  to  be  equal  to  164.8 
gallons  of  standard  spirit  of  that  temperature;  and  by  the  second 
table  it  would  appear,  that  99.3  gallons  of  the  same  spirit  would 
become  100  at  62^,  or  in  reality  contain  the  164.8  gallons  of  spirit 
in  that  state  only  in  which  it  is  to  be  taxed." 

42.  '^  But  as  it  is  considered  that  neither  of  these  tables  can 
alone  be  used  for  charging  the  duty,  (for  neither  can  express  the 
actual  quantity  of  spirit  of  a  specific  gravity  of  0.92  at  62^  in 
100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or 
below  62^,)  it  is  considered  essential  to  have  a  third  table,  com- 
bining the  two  former,  and  expressing  this  relation  directly,  so  that 
upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present 
state.  In  this  table  the  quantities  should  be  set  down  in  the  actual 
number  of  gallons  of  standard  spirit,  at  62^,  equivalent  to  100  of 
the  spirit  under  examination;  and  the  column  of  quantities  may 
be  expressed  by  the  term  va/tie,  as  it  in  reality  expresses  the  pro- 
portion of  the  only  valuable  substance  present.  As  it  will  be  the 
only  table  absolutely  necessary  to  be  used  with  the  instruiment  for 
the  purposes  of  the  excise,  it  itiay,  perhaps,  be   thought  unneces- 

•  sary  to  print  the  former  two. 

^^  The  following  specimen  table  has  been  given  by  the  committee: 


Temperature  45®. 

Temperature  75<>. 

Indieation. 

Strength. 

•  Value. 

Indieatien. 

Strongth. 

Value. 

.9074 

114.5 

8941 

114.5 

77 

114.3 

41 

114.3 

79 

114.2 

45 

114.2 

SI 

114.0 

48 

114.0 

83 

113.9 

49 

U3.9 

85 

113.7 

52 

118.7 

86 

113.6 

53 

113.6 

89 

113.4 

56 

113.4 

•0 

118.8 

57 

113.3 

93 

.    113.1 

59 

113.1 

^^The  mixture  of  alcohol  and  water,  taken  as  spirit  in  Mr.  Oil- 
pin's  tables,  is  that  of  which  the  specific  gravity  is  0.825  at  60® 
Fahr.,  water  being  unity  at  the  same  temperature.  The  specific 
gravity  of  water  at  60^   degrees  being   100.0  at  62''  it  is  99.981. 
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Hence,  in  order  to  compare  the  specific  gravities  ^iven  by  Mr. 
Oilpin,  with  those  which  would  result  when  the  specific  gravity  of 
water  at  62^  is  taken  at  unity,  all  the  former  numbers  must  be  dt^ 
Tided  by  99.981.'* 

43.  ^^  Experiments  were  made,  by  direction  of  the  committee,  to 
verify  Gilpin's  tables,  which  showed  that  the  error  introduced  in 
ascertaining  the  strength  of  spirits  by  tables  founded  on  Gilpin^s 
numbers,  must  be  quite  insensible  in  the  practice  of  the  revenue. 
The  discrepancies  thus  detected,  on  a  mixture  of  a  given  strength, 
did  not  amount  in  any  one  instance  to  unity  in  the  fourth  place  of 
decimals.  From  a  careful  inspection  of  such  documents,  the  com- 
mittee are  of  opinion,  that  Gilpin's  tables  possess  a  degree  of  ac- 
curacy far  .surpassing  what  could  be  expected,  and  sufficiently  per- 
fect for  all  practicable  or  scientific  purposes." 

44.  "  The  following  table  is  given  by  Mr.  Lubbock,  for  convert- 
ing the  apparent  specific  gravity,  or  indication^  into  true  ^ecific 
gravity:" 

TABLE  VI. 


1 

—  Temperature. 

IH 

30^ 

320 

37° 

420 

47° 

620 

67*> 

.82 

.00083 

.00078 

.00065 

.00052 

.00039 

.00025 

.00012 

.83 

84 

79 

66 

52 

89 

26 

12 

.84 

85 

80 

66 

53 

39 

26 

13 

.86 

86 

81 

67 

64 

40 

26 

13 

.86 

87 

82 

68 

54 

40 

27 

13 

.87 

88 

88 

69 

65 

41 

27 

13 

.88 

89 

84 

70 

55 

41 

27 

13 

.89 

90 

85 

70 

65 

42 

28 

13 

.90 

91 

85 

71 

56 

.  42 

28 

14 

.91 

92 

86 

72 

57 

43 

28 

14 

.92 

93 

87 

73 

68 

43 

29 

14 

.93 

94 

88 

73 

69 

44 

29 

14 

.94 

95 

89 

74 

69 

44 

29 

14 

.96 

96 

90 

75 

60 

45 

29 

14 

.96 

97 

91 

76 

60 

45 

30 

14 

.97 

98 

92 

77 

61 

46 

30 

15 

.98 

99 

93 

77 

62 

46 

30 

15 

.99 

.00100 

94 

78 

62 

47 

31 

15 

.100 

101 

95 

79 

€3 

47 

31 

15 
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i 

+  Temperatiira. 

^4 

62° 

67° 

720 

770 

80* 

.82 

.00011 

.00024 

.00035 

.00042 

.83 

12 

24 

36 

42 

.84 

12 

24 

36 

43 

.85 

12 

25 

37 

43 

.86 

12 

25 

37 

44 

.87 

12 

25 

37 

44 

.88 

12 

26 

38 

45 

.89 

12 

26 

38 

45 

.  .90 

.....  • 

13 

26 

39 

46 

.91 

13 

26 

39 

46 

.92 

13 

27 

40 

47 

.93 

13 

•     27 

40 

47 

.94 

13 

27 

40 

48 

.95 

13 

28 

4i 

48 

.96 

..•••• 

13 

28 

41 

49 

.97 

14 

28 

42 

40 

.98 

14 

28 

42 

50 

.99 

14 

29 

43 

50 

.100 

•  •  • .  •  f 

Investigationi  for  the  Prussian  government ^  by  Mr.  Tralles. 

45.  From  a  few  experiments  of  his  own,  the  celebrated  German 
chemist  Richter  had  constructed  hydrometers,  indicating  the  per 
cent,  of  alcohol  by  weight  contained  in  any  liquor.*  Of  these 
instruments  the  latest  and  most  improved  was  based  upon  the  fol- 
lowing dataf^  the  corresponding  temperature  being  16^  R.  ss68^ 
Fahr. : 


Per  oent.  of  alco- 
hol by  weight. 

SpeeiEo  grayity. 

100.00 
74.71 
56.60 
41.00 
32.14 

0.7920 
0.8600 
0.9010 
0.9840 
0.9526 

To  obtain  the  specific  gravities  and  the  graduation  of  his  hy- 
drometer, Richter  interpolated  for  intermediate  per  cents.,  and  was 
thus  enabled  to  make  instruments  of  considerable  accuracy,  which 
were  adopted  by  the  government  and  generally  used  in  Prussia.  * 

46.  As  spirituous  liquors  are  always  bought  and  sold  by  volume^ 
and  not  by  weight j  the  use  of  Richter's  hydrometer  required  trouble- 


*  See  Sen.  Doe.  No.  165,  28ih  CongreM  2d  session ,  p.  77. 

t  Haiidw5rterbii6h  der  Chemie,  Liebig  and  Woideri  vol.  1,  p.  214^  1842. 
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some  calculations  to  be  made,  "which  caused  much  loss  of  time  and  , 
frequently  error,  in  the  collection  of  the  revenue.  The  Prussian 
government,  therefore,  requested, the  Academy  of  Sciences  of  Ber- 
lin to  have  such  investigations  made,  as  might  be  found  necessary 
to  establish  a  convenient,  just,  and  accurate  mode  of  ascertaining 
the  relative  duties  to  be  paid  by  spirituous  liquors.  The  secretary 
of  the  academy,  Mr.  Tralles,  a  gentleman  distinguished  for  his 
skill  and  attainments  in  chemical  and  mathematical  science,  was 
entrusted  with  the  requisite  experiments  and  inquiries';  the  results 
of  which  furnished  the  basis  of  the  beautiful  method  which  was 
carried  into  operation  at  that  time,  A.  D.  iSll,  by  the  Prussian 
governent;  and  which  has  since  been  adopted  by  France,  Sweden^ 
Austria,  Belgium,  and  other  countries. 

ft 

47.  After  examining  Messrs.  Gilpin  and  Blagden's  reports  of 
their  researches,  Mr.  Tralles  determined  to  adopt  their  results  as 
fundamental  dita;  for  this  he  assigns  the  following  reasons,  which 
are  translated  from  his  report.*  • 

^*  The  relation  between  the  strength  and  the  specific  gravity  af  a 
liquor  can  be  determined  only  by  experiment.  Several  series  of 
investigations  relative  to  this  subjiect  have  been  performed;  but 
none  with  such  skill  and  care  as  those  made  under  the  direction  of 
the  Royal  Society  of  London,  at  the  request  of  the  British  govern- 
ment, for  the  purpose  of  ascertaining  the  proper  duties  to  be  levied 
on  spirituous  liquors.  In  France,  on  a  similar  occasion, .all  that  was 
done  was  to  publish  advice,  especially  for  the  construction  of  hy- 
drometers.'' 

'^  It  is  proper  to  give  a  more  full  account  of  the  above  mentioned 
experiments,  which  serve  as  data  for  the  table  I  have  computed, 
in  order  that  careless  experiments  may  not  meet  with  confidence 
to  which  they  are  not  entitled;  and  that  unnecessary  and  unautho- 
rized examinations  of  matters  fixed  by  law,  as  well  as  the  con- 
fusion they  would  produce,  may  be  prevented.  It  is  generally 
thought  that  such  experiments  can  be  easily  mad^and  by  any  body, 
but  this  is  a  great  mistake;  to  furnish  precise  results,  they  demand 
great  skill,  and  can  only  be  made  with  such  apparatus  and  facili- 
ties as  private  philosophers  can  rarely  afford.  To  be*convinced  of 
this,  it  is  only  necessary  to  examine  the  experiments  performed  in 
England.  They  were  devised  and  executed  by  experienced  and 
highly  intelligent  bbservers,  and  yet  they  had  to  be  repeated  three 
times,  as,  after  each  a^ies,  some  cause  of  error  was  detected.  It 
is  true,  these  experiments  were  attacked  by  a  highly  meritorious 
gentleman;  this  happened,  however,  before  the  last  series  were 
commenced,  and  when  these  were  published,  satisfactory  reasons 
were  given  in  justification  of  the  method  which  had  been  adopted," 

There  are  slight  errors  in  the  English  experiments}  to  which  Mr. 
Tralles  briefly  alludes,  and  then  adds:  "  They  are  more  than  suffi- 
ciently exact.     It  will  be  allowed,  therefore,  not  to  recommend  to 


•  Qilb«ri!t  Amtalen,  B.  38, 8t.  8,  1811,  p.  353-^55: 
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the  gorernment,  as  a  basis,  other   experiments  less  complete   and 
autheotic.'' 

48.  Of  the  errors  jnst  mentioned  in  Me^rsi  Gilpin  and  Blagden's 
work,  chiefly  due  to  atmospheric  buoyancy,  Mr.  Tralles  subse- 
quently remarks:  "  Notwithstanding  the  great  care  wi^.h  which 
their  reports  to  the  Royal  Society  are  drawn  up,  I  do  not  find  men- 
tioned in  them,  whether  in  the  experiments  attention  was  paid  to 
the  temperature  and  density  of  the  air,  and  to  the  weight  of  the 
portion  of  air  in  the  bottle  which  is  removed  by  pouring  in  the 
liquid.  As  the  weighing  was  carried,  not  only  to  tenths,  but  even 
to  hundredths-  of  a  ^rain,  this  ought  certainly  to  have  been  taken 
into  account..    The  balance  was  capable   of  indicating   Such   diffe- 

*rences,  and  the  experiments  are,  therefore,  affected  with  errors, 
which  the  nicety  of  the  weighings  cannot  set  aside.  The  specific 
gravities  are  set  down  in  the  tables  to  0.00001;  to  0.0001  nearly 
they  may  be  right,  even  if  no  attention  was  paid  to  the  air,  as  its 
influence  would  change  the  results  only  a  little  more  than  one 
lO^OOOth  part — an  uncertainty  which  is  without  influence."* 

49.  Having  satisfied  himself  that  the  experiments  of  Messrs. 
Gilpin  and  filagden  possess  a  degree  of  accuracy  much  beyond  that 
required  for  revenue  purposes,  or  which  can  be  attained  in  less 
carefttl  work;  Mr.  Tralles  next  turned  his  attention  to  the  deter- 
mination of  a  proper  standard  to  which  all  other  liquors  might  be 
referred. 

We  have  already  seen  that  this  constituted  a  preliminary  and 
diflicult  subject  of  inquiry  in  the  English  experiments,  (§  17,)  that 
unsuccessful  attempts  to  procure  pure  acohol  were  then  made  by 
both  distillers  and  by  a  skiUul  chemist;  and  that  Messers.  Gilpin 
and  Bla^den,  therefore,  adopted  alcohol  of  the  specific  gravity 
0.825,  the  highest  degree  of  strength  usually  met  with  in  com- 
merce, as  the  standard  spirit  of  their  mixtures. 

Mr.  Tralles  endeavored  to  obtain  pure  alcohol  and  was  furnished 
by  the  distingtiished  chemist,  Assessor  Rose,  with  two  specimens 
prepared  by  himself  at  different  times  with  great  care,  and  ren- 
dered as  free  from  water  as  possible.  Of  these  specimens,  Tralles 
found  one  to  be  of  the  specific  gravity  0.7984  at  60®  Fahrenheit^ 
and  the  other  0.79876,  water  being  unity  at  the  same  temperature. 

In  1796,  Mr.  Lowitz  of  St.  Petersburg  published  a  method  of 
obtaining  alcohol  free  from  water,  by  which  he  was  enabled  to 
make  it  of  the  specific  gravity  0.791  at  IQ""  R,=68^  Fahrenheit. 
This  alcohol,  repeatedly  rectified  in  the  same  manner,  did  not 
become    lighter  when  it  was  distilled  by  itself;  tue  first  and  last 

*  In  his  admirable  treatise  oa  obemistry,  vol.  vi.,  p.  472,  of  the  first  French  edition.  Ber- 
selius  speaks  of  this  nnoertaintjr  in  Messrs.  6.  andB.'s  experiments,  as  follow!::  "This 
third  series  of  experiments  famishes  an  example  which  will  serve  to  show  how  difficalt  it  is 
to  foresee  every  cause  of  error  in  sach  cases.  Gilpin  coneoted  every  iknperfeotion  which 
was  noticed  either  by  himself  or  others,  in  his  first  series  of  experiments,  and  yet  he  forgot 
to  take  into  account  the  air  displaced  by  the  liquids  weighed,  and  which  exerts  an  infiuenoe 
af)preoiable,  not  only  in  itself,  but  even  in  its  variation,  for  difTurent  barometric  pressures, 
with  a  balance  as  sensible  as  that  he  employed'.  Still  this  influence  is  without  importance  in 
praotioal  operations,  for  the  speoifie  gravity  reduced  to  a  yacnnm  is  soaieely  changed  0.0001.^ 
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portions  were  exactly  alike;.  Mr.  LowitZy  therefore^  considered  it 
pure  or  absolute.  • 

Als0|  as  no  chemist  bad  been  able  to  produce  alcohol  of  less 
density  than  that  of  Lowitz,  and  ^^as  Dr.  Richter  had  obtained 
alcohol  of  about  the  same  specific  gravity,  so  that  it  could  not  be 
considered  a  hypothetical  substance,''  Tralles  deemed  it  expedient 
to    adopt  the    specific    gravity  0.791  at  68^    Fahrenheit  as  that  of 

tiure  alcohol,  which  density  he  found  by  reduction    to    be  equiva- 
ent  to  0.7946  at  60^  Fahrenheit,  water    at  this  temperature  being 
unity. 

60.  The  details  of  the  above  mentioned  reduction  have  not  been 
published,  but  in  a  note  by  Gilbert,*  the  following  extracts  from 
the  original  memoranda  of  Tralles  are  given:'  ^^The  specific  gravity 
of  water  being  unity  at  60^  Fahrenheit,  as  is  always  here  under- 
stood, that. of  Rose's  alcohol  was: — 

At  61^.3  Fahrenheit  =  0.797840       I  Difference. 

68  "  =0.794525  e*'. 7  =0.003316 

68.5         "  =0.794490       |  7,2=0.003360 

^^From  the  first  result,  the  decrement  for  each  degree  Fahrenheit 
is  0.0005;  from  the  second  0.000465;  the  mean  being  0.00048. 
This  Professor  Tralles  takes  as  the  basis  of  the  reduction  to  6CP 
Fahrenheit.  The  two  first  results,  therefore,  give  the  specific 
gravities  0  79846  and  0.798365,  of  which  0.79841  is  the  mean." 

^^Tbe  following  experiments  were  probably  made  with  the  other 
alcohol  of  Rose: — 

At  67".  1  Fahrenheit  =  0.80006  At  60""  =  0.79868 

66  ,2  *•         =0.795834  60    =0.79874 

61  "         =0.798404  60    =0.79887 


Mean =0.79876 

"The  following  result  deserves  to  be  added:  At  60^  an  experi- 
ment gave  0.79862;  and  at  99^,  with  the  same  alcohol  and  method, 
0.78069— a  difi^erence  of  0.0180  for  39%  which  is  equal  to  0.00047 
for  each  degree;  exactly  the  same  which  the  experiments  above 
gjive  between  61^.3  and  68^.5.     To  judge   from    this,  it  would  ap- 

tear  that  absolute  alcohol  expands  uniformly  between  60®  and  99^ 
ahrenheit — and  Professor  Tralles  informs  me  that  he  has  found 
by  his  experiments  that  absolute  alcohol  expanJs  as  uniformly 
between  —  15^  and  +  15^  Fahrenheit,  as  either  mercury  or  air." 

51.  The  law  of  uniform  expansion  thus  stated  by  Tralles,  is  in 
conflict  with  subsequent  researches  of  Mr.  Oay  Lussac^f  (^  86,) 
though  approximately  confirmed  by  the  results  of  Gilpin.  (See 
table  lY.)  Also,  the  mem  coeflScient  0  00048,  does  not  seem  to 
have  been  used  by  him  in  the  reduction  0.7946  at  60*^,  from  0.791 
at  68®. 


*  See  pace  361,  Ann.  der  Phjs.  B.  38,  18U. 
t  Ann.  £r  Chem.  et  cle  Fhys,  t.  2.  p.  134. 
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On  this  subject  Oilbert  says:  *"Thc  specific  gravity  0.791  would 
become  greater  by  0.00384,  or  8  times  0.00048;  or  equal  to  0.79484, 
water  being  unity  at  60^.  Mr.  Trall«s  seems  to  have  purposely 
{mit  Fleiis)  assumed  a  smaller  ratio  of  expansion,  or  0.00045 
only." 

The  words  in  itnlics  have  been  so  marked  by  myself,  because 
they  indicate  an  error  into  which  Mr.  Oilbert  has  fallen;  water  is 
not  unity  at  60^,  but  at  68^  Fahrenheit,!  for  Lowitz's  specific 
gravity  0^791;  and,  if  we  apply  the  requisite  correction  to  0.79484 
obtained  by  Oilbert,  we  get  0.7942,  and  not  l).7946,  as  given  by 
Tralles.  Nor  by  using  the'  ratio  0.0005,  the  maximum  given  by 
any  of  the  above  experiments  of  Tralles,  do  we  find  a  more  satis- 
factory result;  for  this  gites  only  0.7943.  Hence,  it  is  evident 
that  Tralles  must  have  used,  in  the  calculations  by  which  he  de- 
duced 0.7946  at  60^  from  0.791  at  68^,  a  coefficient  of  expansion 
greater  than  he  obtained  from  his  own  experiifkents  with  Rose's 
alcohol. 

In  another  part  of  his  report,  Tralles  states  that  by  several  ex* 
periments  with  the  alcohol  of  Mr.  Rose,,  made  for  the  purpose  of 
ascertaining  the  variations  of  density  produced  by  adding  very 
small  quantities  of  water,  data  were  obtained  for  calculating  the 
amount  of  water  to  be  abstracted,  in  order  to  reduce  the  specific 
gravity  to  that  of  the  standard  alcohol  of  Lowitz;  and  the  result 
was,  that  alcohol  of  0.7986  still  contains  0.0129  of  its  weight  of 
water. 

From  this  result,  and  the  law  of  gradual  increase  of  dilatation 
for  ascending  per  cents.,  we  may  assume  a  hypothetical  coefficient 
greater  than  0.0005,  the  maximum  given  by  Rose's  alcohol;  but 
to  obtain  0.7946,  the  standard  of  Tralles,  we  must  employ  a  co- 
efficient equal  to  0.00053;  the  probable  error  of  which  is  much  too 
great. 

I  have  discussed  this  subject  fully,  because  the  specific  gravity 
0.7946,  adopted  by  Tralles,  is  often  referred  to  as  a  well  determinea 
result;  and  it  is,  therefore,  fit  that  whatever  uncertainty  existed  in 
his  work,  with  reference  to  this  matter,  should  be  clearly  pointed 
out. 

52.  Having  resolved  to  adopt  the  work  done  in  England,  by 
Mr.  Oilpin,  for  the  same  purpose,  it  became  necessary  that  Mr. 
Tralles  should  ^^detern^ine  how  much  water  is  contained  in  alcohol 
of  the  specific  gravit]^  0.826,  under  the  hypothesis  th&t  only  that 
is  pure  alcoho^l  of  which  the  density  is  0.7946  under  like  circum- 
stances, or  at  60^  Fahrenheit^  water  being  unity  for  the  same  tem- 
perature." 

<<By  a  series  of  experiments,  it  was  ascertained  that  spirit  of 
0.8526  contains  0.0963  of  its  weight  of  water,  the  rest  being  alcohol 
of  0.7986;  and  as  the  latter  had  been  found  still  to  contain  0.0129 
of  its  weight  of  water,  it  follows,  that  spirit  of  the  density  0.826 

*  See  note  to  page  367  of  Trmlles'  report. 

t  See  HandwOrterb.  der  Chem.  Liebig  &  Poggendorff,  toL  l,  p.  214. 
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contains  59.2  per  cent,  by  weight,  or  92.6  per  cent,  by  volame  of 
alcohol  of  the  density  0.7946,  the  least  ever  found,  and  wfaieb 
may,  therefore,  be  assumed  as  absolute  or  standard  alcohol.  Upon 
this  result,*  and  the  data  in  the  Philosophical  Transactions  of  the 
Royal  Society,  are  all  the  following  tables  founded." 

63.  Before  giving  the  tables,  referred  to  in  the  last  article,  we 
may  mention  the  experiments  which  were  made  to  settle  an  im* 
portant  question:     , 

^'Some  are  disposed  to  maintain,''  says  Tralles,  ^'tbat  alcohol 
deprived  of  water  to  so  high  a  degree  is  not  a  genuine  alcohol, but 
an  altered  compound.  The  chemists,  however,  who  say  so,  have 
no  proper  evidence  for  the  assertion.  Yet  I  deemed  it  expedient 
to  examine  whether  there  are  any  physical  grounds  for  such  an 
opinion;  or,  more  precisely,  whether,  if  we  add  to  absolute  alcohol 
as  much  water  as  will  restore  it  to  the  density  of  the  liquor  from 
which  it  was  made,  and  subsequently  compare  the  densities  of  mix* 
tures  made  from  it  with  those  of  similar  mixtures  made  from  the 
original  spirit,  the  results  will  be  identical.  Experiments  to  de- 
cide this  question  were  made  by  me,  and  I  found  that  mixtures  of 
absolute  alcohol  and  water,  obey  the  same  laws  as  those  of  recti- 
fied spirit  or  common  alcohol.  This  is  the  result  of  experiments 
made  with  extreme  care;  the  weighings  being,  in  every  instance^ 
carried  to  the  fiftieth  of  a  grain,  and  the  air  displaced,  as  well  as 
the  dilatation  of  the  liquid  and  of  the  vessel  being  taken  into  ac^ 
count.  It  would  render  this  report  too  scientific  to  give  the  de- 
tails of  these  experiments  and  calculations;  which  were  only  the 
means  used  to  attain  the  desired  end." 

On  the  secimd  part  of  Tralles^s  report. 

64.  This  section  will  contain  the  tables  computed  by  Tralles 
from  the  data  of  Messrs.  Gilpin  and  Blagden.  The  specific  gravi- 
ties are  all  reduced  to  the  scale  of  water  10,000  at  its  maximnm 
density;  so  that  at  60°  F.  we  have  for  absolute  alcohol,  the  specific 
gravity  7939,  and  9991.  for  that  of  pure  water. 

66.  The  first  of  Tralles's  tables,  hereto  annexed,  and  marked  ta- 
ble VII.,  gives  the  specific  gravities  at  60°  Fahr.,  for  mixtures  of 
pure  alcohol  and  water;  of  which,  each  100  gallons,  or  cubic 
inches,  contain  the  number  of  gallons,  or  cubic  inches,  of  alcohol 
indicated  in  the  first  column,  if  measured  at  the  same  temperatare. 


*  Mr.  Tralles  did  not  pabfiah  the  experiments  rrom  whloh  he  dedooed  this  eonoiasioB;  and 
Oilhert  savs  (eage  367)  the  data  were  not  amonj^  the  papers  cosfided  to  him.  ^'Das  iWsH 
dieser  beiaen  Versucbsreihen  findet  sich  zaraUiig  nicbt  id  dem  mir  von  dem  Hra.  VerfsLaaer 
anTertraaten  Theile  der  Pretokolie  Qber  seine  Versaohe." 
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TABLE  VII. 


li 

-.^ 

1. 

u 

1 

ft 

8^ 

1| 

ii 

II 

s 

5^ 

S^ 

Is 

5 

0 

9991 

51 

9315 

20 

9976 

15 

52 

9295 

20 

9961 

15 

53 

9275 

20 

9947 

14 

54 

9254 

21 

9933 

14 

55 

9234 

20 

9919 

14 

56 

9213 

21 

9906 

13 

57 

9t92 

21 

9693 

13 

56 

9170 

22 

9881 

12 

59 

9148 

22 

9869 

12 

60 

9126 

22 

9857 

12 

61 

9104 

22 

9845 

12 

62 

9082 

22 

9834 

11 

63 

90d9 

23 

9823 

11 

64 

9036 

23 

9812 

11 

65 

9013 

23 

9802 

10 

66 

8939 

24 

9791 

11 

67 

8966 

24 

9781 

10 

68 

8941 

24 

18 

9771 

10 

69 

8917 

24 

19 

9761 

10 

70 

8892 

25 

20 

9751 

10 

71 

8867 

25 

21 

974t 

10 

72 

8842 

25 

22 

9731 

10 

73 

8817 

25 

23 

9720 

11 

74 

76 

8791   . 

26 

24 

9710 

10 

8765 

26 

25 

9700 

10 

76 

8789 

26 

26 

9689 

n 

77 

8712 

27 

27 

9679 

10 

78 

8685 

27 

28 

9668 

11 

79 

8658 

27 

29 

9657 

11 

80 

8631 

27 

80 

9646 

11 

81 

8603 

28 

31 

9634 

12 

82 

8575 

28 

32 

9622 

12 

83 

8547 

28 

83 

9609 

13 

84 

8518 

29 

34 

9596 

13 

85 

8488 

30 

85 

9583 

13 

86 

8458 

30 

86 

9570 

13 

87 

8428 

80 

.   37 

9556 

14 

'88 

8397 

31 

88 

9541 

15 

89 

8365 

32 

89 

9526 

15 

90 

8332 

33 

40 

9510 

16 

91 

8299 

33 

41 

9494 

16 

92 

8265 

84 

42 

9478 

16 

93 

8230 

35 

43 

9461 

17 

94 

8194 

86 

44 

9444 

17 

95 

8157 

37 

45 

9427 

17 

96 

8118 

89 

46 

9409 

18 

^97 

8077 

41 

47 

9391 

18 

98 

8034 

43 

48 

9378 

18 

99 

7988 

46 

.   49 

9354 

19 

100 

7939 

49 

50 

9335 

19 

[601 
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56«  In  this  table  the  third  column  gives  the  differences  of  the 
numbers  in  the  second^  and  is  designed  to  be  used  for  interpolating, 
by  proportion,  values  intermediate  to  those  given  in  the  first  and 
second  columns. 

57.  It  may  be  well,  perhaps,  to  remark,  that  if  100  gallons  of 
spirit  contain,  for  instance,  40  gallons  of  alcohol,  at  60^  F.,  as  in- 
dicated in  the  first  column  of  the  preceding  table,  it  would  be  er- 
roneous to  conclude  that  the  same  liquor  also  contains  60  gallons 
only  of  water.  Such  could  only  be  the  case,  if  no  contraction  or 
diminution  of  volume  (ook  place,  when  alcohol  and  water  are 
mixed. 

68.  When  the  specific  gravity  of  a  spirituous  liquor  is  taken,  its 
temperature  will  very  seldom  be  either  exactly  or  very  nearly  60^ 
F.^  hence  it  is  necessary  in  using  table  YII.  to  apply  corrections 
to  the  observed  specific  gravities,  in  order  to  reduce  them  to  the 
values  which  would  have  been  found  experimentally  at  60^  F. 
For  this  purpose,  to  avoid  calculations,  Tralles  has  computed  the 
following  table: 

TABLE  VIII. 

Variations  of  the  specific  gravities  of  spirits  for  different  tem- 
peratures. 


Per  cent,  by  vol. 
of  pore  alcohol, 
at  60O  Fahr. 

ft 

Increase  of  the  specific  graTities  corresponding  to  the 

various  per  cents.,  at  60^,  for  the  following  degrees 

&t 

of  Fahrenheit's  thermometer. 

-              T                                                                                                                                                                                                                                          • 

■|i 

65*> 

60O 

45* 

40O 

SS^' 

9^ 

0 

9991 

4 

7 

9 

9 

9 

7 

6 

9919 

4 

7 

9 

10 

10 

9 

10 

9867 

5 

9 

12 

14 

15 

15 

IS 

9802 

6 

12 

17 

21 

23 

25 

80 

9761 

8 

16 

23 

29 

35 

89 

S6 

9700 

10 

21 

31 

39 

48 

66 

30 

9646 

13 

26 

39 

61 

62 

73 

$5 

9583 

16 

31 

46 

61 

76 

89 

40 

9510 

18 

35 

52 

70 

87 

103 

45 

9427 

19 

39 

57 

76 

94 

11!^ 

60 

9335 

20 

40 

60 

80 

99 

118 

55 

9234 

21 

42 

63 

84 

104 

124 

60 

9126 

22 

43 

65 

86 

107 

127 

65 

9013 

22 

45 

67 

88 

109 

ISO 

70 

88fi2 

22 

45 

68 

90 

112 

113 

75 

8765 

23 

46 

68 

91 

113 

135 

so 

8631 

23 

47 

70 

92 

115 

187 

S5 

8488 

23 

47 

70 

93 

116 

189 

90 

8332 

24 

48 

71 

94 

117 

140 

461 


160} 


TABLE  VIII— Cootinaed. 


^1^ 

*.t5 

Dtereate  of  the  specific  grayities,  corresponding 

to  the 

O  CA 

yarious  per  cents.,  at  60°  Fahrenheit,  for  the  fol- 
lowing  degrees  of  Fahrenheit's  thermometer. 

8g,S 

1^ 

JS'=' 

1^ 

QQ 

650 

70O 

75« 

80O 

85« 

90O 

95« 

100« 

0 

9991 

5 

11 

17 

24 

32 

40 

50 

60 

6 

9919 

5 

11 

18 

25 

33 

42 

51 

62 

10 

d857 

6 

13 

20 

29 

37 

47 

57 

68 

15 

9802 

7 

15 

25 

34 

44 

55 

67 

79 

20 

9751 

9 

19 

30 

41 

53 

66 

79 

93 

25 

9700 

11 

24 

36 

50 

63 

78 

93 

109 

30 

9646 

14 

28 

43 

*  60 

75 

91 

108 

125 

35 

9583 

17 

33 

50 

68 

86 

104 

122 

141 

40 

9510 

18 

37 

56 

75 

94 

114 

134 

154 

45 

9427 

20 

40 

60 

80 

101 

122 

143 

164 

50 

9335 

21 

42 

63 

84 

106 

128 

150 

173 

55 

9234 

22 

43 

65 

87 

109 

132 

155 

178 

60 

9126 

22 

44 

67 

90 

113 

136 

159 

183 

65 

9013 

22 

45 

68 

92 

115 

13S 

162 

187 

70 

8892 

23 

46 

69 

93 

117 

141 

165 

190 

75 

8765 

23 

46 

10 

94 

119 

143 

167 

192 

80 

8631 
8488 

23 

47 

71 

96 

120 

144 

169 

194 

85 

24 

48 

72 

96 

121 

145 

170 

195 

90 

8332 

21 

48 

72 

97 

121 

146 

171 

196 

69.  The  specific  gravities  in  the  two  preceding  tables  are  abso- 
lute; it  is  often,  however,  more  convenient  to  use  such  as  are  ihdi- 
cated  directly  with  fflass  vessels  or  hydrometers,  and  which  are 
given  in  the  next  table. 
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TABLE  IX. 


Apparent  specific  gravities  indicated  at  various  temperatures  iy 
means  of  glass  instruments.  • 


Xemperatare. 

^i-i 

• 

l§£ 

30<»  F. 

35<'  F. 

40O  F. 

45^  F. 

50°  F. 

55«  F. 

0 

9994 

9997 

9997 

9998 

9997 

9994 

5 

9924 

9926 

J9926 

0926 

9925 

9922 

10 

9368 

9869 

9868 

9867 

9S65 

9861 

15 

9823 

9822 

9620 

9817 

9813 

9807 

20 

9786 

9782 

9777 

9772 

9766 

9759 

25 

9752 

9745 

9737 

9729 

9720 

9709 

30 

9715 

9705 

9694 

9683 

9671 

965S 

35 

9663 

9655 

9641 

9627 

9612 

9598 

40 

9609 

9594 

9577 

9560 

9544 

9527 

45 

9535 

9518 

9500 

9482 

9464 

9445 

50 

9449 

9431 

9413 

9393 

9374 

J9354 

55 

9354 

9335 

9316 

.9295 

9275 

9254 

60 

9249 

9230 

9210 

9189 

9163 

9147 

65 

9140 

9120 

9099 

9078 

9056 

9034 

70 

9021 

9001 

8980 

8958 

8936 

8913 

75 

8896 

8875 

8854 

8832 

8810 

,.8787. 

80. 

8764 

8743 

8721 

8699 

8676 

8653 

85 

8623 

86U1 

8579 

8556 

8533 

$610 

90 

8469 

8446 

3423 

8401 

8379 

8355 

If 

brass  instrnmeaU  are  used,  subtrn 

ic*— 

■ 

5 

A 

3 

2 

2 

1 
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Temperatare. 

60«  F. 

65*  F. 

70«  F. 

75<»  F. 

80<'  F. 

85<'  F. 

0 

9991 

9987 

9981 

9976 

9970 

9962 

5 

9919 

9916 

9909 

9903 

9897 

9889 

10 

9857 

9852 

9845 

9839 

9831 

9823  • 

15 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9761 

9743 

9733 

9723 

9713 

9701 

25 

9700 

9690 

9678 

9666 

9653 

9640 

30 

9646 

9633 

9619, 

9605 

9590 

9574 

36 

9583 

9567 

9551 

9535 

9518 

9500 

40 

9510 

9493 

9474 

9456 

9438 

9419 

45 

9427 

9408 

9388 

9369 

9350 

9329 

50 

9335  . 

9315 

9294 

9274 

9253 

9232 

55 

9234 

9213 

9192 

9171 

9150 

9128 

60 

9126 

9105 

9083 

9061 

9039 

9016 

65 

9013 

8992 

8969 

8947 

8924 

8901 

70 

8892. 

8870 

8847 

•  8825 

8801 

8778 

75 

8765 

8743 

8720 

8697 

8673 

8649 

80 

8631 

8609 

8585 

8562 

.  8538 

8514 

85 

8488 

8465 

8441 

8418 

8394 

8370 

90 

8332 

8309 

8285 

8262 

8238 

8214 

If  brass  instramai 

Its  ar6  used,  add  to  the 

above-- 

0 

1 

2 

2 

3 

4 

60.  Id  the  first  column  of  each  of  the  above  tables,  the  numbers 
refer  exclusively  to  columns  measured  at  60^  Fahrenheit.  They, 
therefore,  serve  only  ^hen  the  quantity  of  spirit  in  a  cask,  or  ves- 
sel, is  determined  at  60*^;  but,  if  the  liquor  has  been  proved  and 
the  cask  guaged,  say  at  80^,  we  must  make  a  calculation  to  ascer- 
tain what  number  of  gallons  should  pay  duty,  as  alcohol  of  60^, 
at  any  given  legal  rate  per  gallon.  The  data  for  this  calculation 
are  furnished  by  TIbles  viii.  and  ix. 

Suppose,  for  example,  the  cask  to  contain,  at  80^  Fahrenheit, 
200  gallons  of  spirit;  for  which  a  glass  hydrometer  gives  the  ap- 
parent specific  gravity  9253,  or  one  of  metal,  9256.  Then  we  find 
in  Table  ix.  the  strength  to  be  50  per  cent,  of  the  volume,  which 
the  liquor  would  occupy  at  60°;  and  Table  viii.  skives  this  volume, 
or  rather  the  ratio  of  the  volume  at  80^  to  that  at  60^;  these  volumes 
being  inversely  proportional  to  the  densities  9251  and  9335.  We 
must,  therefore,  multiply  the  200  gallons  by  the  ratio  of  these 
densities,  to  obtain  the  quantity, ^of  which  50  per  cent,  should  pay 
duty,  as  alcohol  of  60^  Fahrenheit.     Ttius  we  have- 

200  .  tlH  X  0.50=99.09, 
tb«  number  of  gallons  required. 

These  calculations  are  simple,  but  the  following  table  renders 
them  unnecessary. 
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TABLE  X. 


^ 

'i'^ 
S*'^ 

i^ 

Temperatures. 

30O  F. 

350  F. 

40°  F. 

45°  F. 

50°  F. 

65°  F. 

0 

9994 

9997 

9997 

9998 

9997 

9994 

6 

9924 

9926 

9926 

9926 

9925 

9922 

10 

9868 

9869 

9868 

9867 

.9865 

9861 

15 

9823 

9822 

9820 

9817 

9813 

9807 

.  20 

9786 

9782 

9777 

9772 

9766 

9759 

25 

9763 

9746. 

9738 

9729 

9720 

97(.9 

30 

9717 

9707 

9695 

9684 

9672 

9659 

35 

9671 

9658 

9644 

9629 

9614 

9599 

40 

9615 

9598 

9581 

9563 

9546 

9528 

45 

9544 

9525 

9506 

9486 

9467 

9447 

50 

9460 

9440 

9120 

9399 

9378 

9356 

55 

9368 

9347 

9325 

9302 

9279 

9266 

60 

9267 

9245 

9222 

9198 

9174 

9150 

65 

9J62 

9138 

9113 

90S8 

9063 

9038 

70 

9046 

9021 

8996 

8970 

8944 

8917 

75 

8925 

8899 

8873 

8847 

8820 

8792 

80 

8798  . 

8771 

8744 

8716 

8688 

8659 

85 

8663 

8635 

8606 

8677 

8547 

8617 

90 

8517 

8486 

8455 

8425 

8395 

8363 

o 

1' 

Temperatores. 

60°  F. 

65°  F. 

70°  F. 

75*F. 

80°  F. 

85»F. 

0 

9991 

9987 

9911 

9976 

9970 

9962 

5 

9919 

9915 

9909 

9903 

9897^ 

9889 

10 

9857 

9862 

9845 

9839 

9831 

9823 

15 

9602 

9796 

9788 

9779 

9771 

9761 

2e 

9751 

9743 

9733 

9722 

9711 

9700 

25 

9700 

9690 

9678 

9665 

9652 

9638 

30 

9646 

9632 

9618 

9603 

9588 

9572 

35 

9583 

9566 

9549 

9632 

9514 

9495 

40 

9510 

9491 

9472 

9452 

9433 

9412 

45 

9427 

9406 

9385 

9364 

9342 

9320 

50 

9335 

9313 

9290 

9267 

9844 

9221 

55 

9234. 

9211 

9187 

9163 

9139 

9114 

60  . 

9126 

9102 

9076 

9051 

9026 

9000 

65 

9013 

8988 

8962 

8936 

8909 

8882 

70 

8892 

8866 

8839 

8812 

8784 

8766 

75 

8765 

8738 

8710 

8681 

8651 

5622 

80 

8631 

8602 

8673 

8544 

8514 

8483 

85 

8488 

8458 

8427 

8396 

8365 

8333 

90 

8382 

8300 

8268 

8236 

8204 

8171 
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61.  Should  a  brass  bydrometer  be  u<;ed  instead  of  one  of  glas?, 
tben  either  the  series  of  numbers  6,  4,  3,  2,  2,  1,  suhtractivcj  or  0, 
1,  2,  2y  3,  4)  additive^  as  in  Table  IX. ,  will  give  the  correction  to 
be  applied  to  the  numbers  in  this  last  table;  the  argument  of  which 
correction,  is  the  observed  temperature  of  the  liquor. 

In  constructing  the  table  just  given,  Tralles  assumes  that  both 
the  strength  and  the  quantity  vof  the  liquor  are  determined  at  the 
same  temperature.  Sbould  such  not  have  been  the  case,  it  becomes 
necessary  to  make  a  calculation  analogous  to  that  given  in  the 
example  above.  It  is,  therefore,  desirable,  and  to  avoid  errors  in 
collecting  duties,  it  should  be  required,  that  the  liquor  be  both 
gauged  and  proved  at  the  same  time  and  same  temperature. 

If  this  be  done,  and  table  X.  be  interpolated  for  every  integral, 
number  in  the  first»column  between  0  and  100,  it  will  furnish  all 
that  is  necessary  for  carrying  out  Messrs.  Gilpin  and  Blagden's 
urgently  recommended,  ^^most  simple,  and  equitable  method  of 
levying  the  duty  on  spirituous  liquors,  by  considering  rectified 
spirit  (alcohol)  as  the  true  ,and  only  excisable  matter."  Such 
results  form  the  basis  of  M.  Oay  Lussac's  admirable  table,  used 
in  the  revenue  of  the  French  government,  and  entitled:*  <^A 
table  of  the  richness  in  alcohol  of  spirituous  liquors,  giving  the 
number  of  measures  of  alcohol  of  the  temperature  15^  c,  (59^ 
Fahrenheit,)  which  100  measures  of  any  spirituous  liquor  contain, 
for  each  indication  of  the  hydrometer,  and  at  every  temperature 
between  0^  and  30^  cent.*' 

The  table  lately  recommended  by  a  committee  of  the  Royal 
Society,  for  adoption  by  the  British  government,  (see  §  42,)  is 
also  somewhat  analogous  to  that  of  Gay  Lussac;  though  objection- 
able, and  much  inferior  even  to  the  table  of  decimal  multipliers 
of  Gilpin  and  Blagden,  to  which  it  is  equivalent,  because  it  refers 
to  a  comparatively  low  and  perfectly  arbitrary  proof  spirit^  com- 
bined with  an  artificial  substitute  for  the  technical  oDtr  proofs  and 
tinder  proof s'\  of  the  British  excise. 

Third  part  of  Tralles^s  report. 

62.  Before  the  tables  of  the  second  part  of  Mr.  Tralles's  report 
can  be  used  in  practice,  the  specific  gravity  of  the  liquor  under 
examination  must  be  ascertained.  He  has  therefore  discussed,  in 
the  third  part,  the  question:  '^how  can  the  apparent  specific  gravity 
of  a  Spirituous  liquor  be  determined  accurately?"  and  then  treats 
of  ^^alcoholmeters,  their  construction  and  their  use." 

63.  As  an  instrument  so  delicate  as  a  balance,  if  properly  made, 
is  liable  to  accident  and  consequent  error  in  the  bands  of  unskilful 
subordinate  offici^rs  of  the    revenue,  Tralles    condemns   its  use  for 


*  -'Table  de  Richesse  en  Aleool  des  liqaidea  spiritaenz,  donnantle  nombrede  litres  d'alcool 
de  15^,  que  contiennent  100  litres  d'un  liqnide  spiritaeuz,  poor  chaque  indication  de  I'alcoo 
m^tre,  ii  toates  les  temperatures  de  0^  t  30°." 

t  See  Sen.  Doc,  No.  165,  28th  Congress,  2d  Session,  p.  94,  95. 
30 
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determiniag  specific  gravities,  except  in  cases  of  dispute.  And, 
eren  in  such  cases,  he  prefers  and  recommends  either  a  hollow 
glass  sphere  to  sink  with  various  attached  weights,  or  Fahrenheit's 
areometer,  or  his  own  hydrostatic  balance^  which  closelv  resembles 
those  of  his  pupil,  the  late  Mr.  Hassler,  and  which  is  also  a  modi- 
fication of  the  instrument  of  Fahrenheit,  just  mentioned.  A  de- 
tailed explanation  of  the  mode  of  using,  and  the  calculations 
required  for  these  instrumentSy  are  given  in  the  report^  which  may 
here  be  omitted. 

Of  hydrometers  graduated  to  indicate  apparent  specific  gravities 
directly,  Tralles  says  nothing;  he,  however,  mentions  a  steelyard 
constructed  for  this  purpose,  but  not  in  terms  of  decided  approba- 
tion. 

64.  The  calculations  required  by  any  exact  method  of  taking 
specific  gravities  would  always  be  inconvenient,  and  often  acci- 
dental errors  would  be  committed.  Tralles,  therefore,  considered 
it  necessary,  for  common  use,  that  an  instrument  be  employed 
which  would  dispense  with  all  direct  reference  to  specific  gravities, 
and  indicate  the  per  cents,  by  volume  of  the  first  column  of  either 
of  the  preceding  tables,  which  he  had  computed  from  the  data  of 
Messrs.  Oilpin  and  Blagden.  Such  an  instrument  he  deemed  the 
more  indispensable,  ^^because  it  is  not  to  be  expected  that  subor- 
dinate officers  will  possess  sufficient  judgment  and  information  to 
follow  the  rules  and  make  the  calculations  here  laid  down  as  re- 
quisite; they  must,  therefore,  use  instruments  and  tables  mechani- 
cally." 

65.  For  the  construction  of  the  alcoholometer ^  or  hydrometer  in- 
dicating per  cents,  by  volume  of  alcohol  contained  in  any  liquor, 
and  for  the  corrections  for  temperature  to  be  applied  to  the  ob- 
served indications,  the  following  tab.es  were  therefore  computed. 

At  the  temperature  of  60^  Fahrenheit,  if  the  diameter  of  the 
stem  be  uniform,  and  the  zero  of  the  scale  of  the  hydrometer  be 
assumed  to  be  the  point  to  which  it  sinks  in  water  of  maximum 
density,  (39.5^  Fahrenheit,  nearly,)  the  lengths  of  the  different  de- 
grees of  the  graduated  scale  will  correspond  to  the  numbers 
given  in  table  XI.,  hereto  annexed: 


467 

TABLE  XI. 
For  alcoholometers  at  6Q^  Fahrenheit. 
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Per  ot.  of 

Length  of 

Magnitade 

Per  ot.  of 

Length  of 

Magnitude 

aloohol  hf 

the  part  of 

of  the  inter- 

aloohol by 

the  part  of 

of  the  inter- 

volame. 

the  item  im- 

vale. 

voUme. 

the  etem  im- 

Tale. 

mersed. 

mersed. 

• 

0 

9 

.. 

51 

735 

23 

,  1 

24 

15 

52 

768 

23 

39 

15 

53 

782 

24 

54 

15 

54 

806 

,   24 

6S 

14 

55 

830 

24 

82 

14 

56 

854 

24 

95 

13 

67 

879 

^25 

108 

13  ' 

58 

905 

26 

121 

13 

59  • 

931 

26 

133 

12 

60 

957 

26 

.   145 

12 

61 

984 

27 

•   157 

12 

62 

1011 

27 

'  169 

12 

63 

1039 

28 

180 

11 

64 

1067 

28 

191 

11 

65 

1096 

29 

202 

11 

66 

1125 

29 

213 

11 

67 

1154 

29 

224 

11 

68 

1184 

30 

235 

n 

69 

1215 

31 

245 

10 

70 

1246 

31 

256 

10 

71 

1278 

32 

266 

10 

72 

1310 

32 

22 

277 

11 

78 

1342 

82  • 

28 

288 

11 

74 

1375 

33 

24 

299 

11 

75 

1409 

34 

25 

310 

11 

76 

1443 

34 

26 

321 

11 

77 

1478 

85 

27 

332 

11 

78 

1514 

86 

28 

344 

12 

79 

1550 

36 

29 

356 

11 

80- 

1587 

37 

30 

367 

12 

81 

1624 

37 

31 

380   ■ 

13 

82 

1662 

38 

32 

393 

13 

83 

1701 

39 

33 

407 

14 

84 

1740 

39 

34 

420 

13 

85 

1781 

41 

35 

434 

14 

86 

1823 

42 

36 

449 

15 

87 

1866 

43 

37 

465 

16 

88 

1910 

44 

38 

481 

16 

89 

1955 

45 

39 

498 

17 

90 

2002 

47 

40 

615 

17 

91 

2050 

48  • 

41 

533 

18 

92 

2099 

4a 

42 

551 

18 

93 

2150 

61 

43 

569 

18 

94 

2203 

53 

44 

588 

18 

95 

2259 

56 

46 

608 

20 

96 

2318 

69 

46 

628 

20 

97 

2380 

62 

47 

648 

20 

98 

2447 

67 

48 

669 

21 

99 

2519 

72 

49 

690 

21 

100 

2597 

78 

50 

712 

22 
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66.  To  graduate  a  hydrometer  by  means  of  the  preceding  table,. 
it  must  be  put  successively  into  two  liquids  of  known  specific 
grayities,  and  at  60^  Fahrenheit;  one  of  which  should  be  distilled 
irater,  and  the  other  may  be  the  strongest  alcohol  which  can  be 
xeadily  procured,  the  specific  gravity  of  which  must  be  determined 
*with  great  care.  The  point  to  which  the  instrument  sinks  in  each 
leing  accurately  observed,  the  intermediate  space  is  to  be  divided 
into  the  number  of  equal  parts  indicated  in  the  second  column  •£ 
the  table,  giving  to  the  intervals  between  the  traces  in  the  gradua- 
tion the  relative  numbers  of  parts  required  by  the  third  column. 

Should  the  stem  of  the  hydrometer  be  variable  in  its*  diameter ,^ 
for  different  portions,  it  is  requisite  to  determine  not  only  the  ex- 
treme, but  also  several  intermediate  points,  by  means  of  liquids 
4)f  known  specific  gravities,  and  to  graduate  the  spaces  between 
them  according  to  the  table^  as  In  the  construction  of  standard 
thermometers  to  eliminate  errors  due  to  irregularities  in  the  bore 
of  the  tube  employed.  The  artist  will,  therefore,  find  it  advanta- 
geous to  make  the  stem  as  uniform  as  possible;  by.  attending  to 
-which  he  will  not  only  avoid  useless  trouble,,  but  render  his  work 
mnch  more  exact. 

67.  Hydrometers,  constructed  according  to  the  table  jast  given^ 
ivill  indicate  the  real  strengths  of  liquors  only  at  the  temperature 
of  60^  Fahrenheit.  To  obtain  the  true  per  cent,  by  means  of  the 
apparent,  when  the  temperature  js  different,  the  three  following 
tables  have  been  computed  by  Tralles;  and  they  are  not  only  con- 
Tenient,  but  necessary.  They  are  calculated  to  tenths  of  a  per 
cent.;  but,  says  Tralles,  '4t  must  not  be  expected  that  they  will 
always  be  true  to  so  nice  a  degree."  The  first  of  these  tables,, 
marked  table  XII.,  corresponds  to  table  IX.  of  the  preceding  sec- 
tion; in  it,  therefore,  the  volume  is  supposed  to  be  measured  al- 
yrajs  at  60^  Fahrenheit,  but  the  strength  .to  be  ascertained  at  any 
other  temperature;  in  tables  XIII.  and  XIV.,  adapted  one  to  glass 
hydrometers,  and  the  other  to  those  of  brass,  both  the  strength 
Itnd  the  volume  are  supposed  to  have  been  determined  at  the  same 
temperature;  these  tables,  therefore,  correspond  to  table  X.,  and 
are  those  which  should  be  used  by  revenue  officers. 
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»^««Saa88S5.S3S3888S 

150] 


470 


4S 


O 


•^ 


o 


I 


Indleatione  of  a  glass  hydrometer  at  the  temperatares  of—* 

o 

ocooo 

Mt<^00O» 

25.0 
30.7 
35.9 
40.9 

45.8 
50.8 
66.6 
60.6 

66.6 

70.4 
75.4 
80.3 

86.2 
90.0 
94.6 

1 

^b«00O 

«-4^oloo 

23.9 
29,5 
34.6 
39.7 

44.6 
49.6 
64.6 
59.4 

64.4 
69.3 
74.3 
79.2 

84.1 
89.0 
93.7 

1.0 

6.2 

11.6 

17.1 

22.9 
28.3 
33.5 
38.6 

43.6 

48.6 
53.4 
68.3 

63.3 
68.2 
73.2 
78.2 

83.1 
88.0 
92.8 

ceooooo 
dio<-*o 

21.8 
27.1 
32.3 
37.5 

-^oowo* 

5f52JS 

62.2 
67.1   ■ 
.72.1 
77.1 

82.1 
87.0 
91.9 

e«  00  -*  « 

0*10  0*10 

20.8 
25.9 
31.2 
36.3 

41.2 
46.2 
51.1 
56.1 

61.1 
66.0 
71.0 
76.0 

81.0 
86.0 
91.0 

pi 

1 

C^00t«tO 

d'^o)'^ 

1 

19.2 
24.1 

28.8 
33.8 

38.9 

43.8 
48.9 
53.9 

58.9 
63.9 
69.0 
74.0 

79.0 
84.0 
89.1 

1 

^QOOO*-^ 

1 

67.8 
62.8 
67.9 
72.9 

78.0 
83.0 
88.1 

iO  lO  oi  to 

d  ^  d  00* 

1     " 

17.9 
22.2 
26.5 
31.4 

to  io  cote 

66.7 
61.7 
66.8 
71.8 

76.9 
81.9 
87.1 

1 

■^  JO  -^  00 

d  ^*  d  oo' 

1     " 

17.4 

25.5 
30.2 

35.1 
40.3 
45.4 
60.6 

55.6 
60.6 
66.7 
70J7 

76.8 
80.9 
86.1 

Pi; 

<^iOO«-« 

d^doo 

1 

0>0  040 

33.8 
39.1 
4k2 
49.4 

54.5 
59.5 
64.6 
69-7 

74.8 
79.8 
85.1 

1 

0)0^0 

d  -*  d  00 

1 

16.5 
19.8 
23.3 
27.7 

32.6 
37.8 
43.1 
48.3 

53.4 
68.4 
63.6 
68.6 

73.7 
78.8 
84.0 

•(oqoo 
'iveojod 

l»aiX 

Oi00»0 

S8SS 

S5SS 
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1 
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•3 
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a 

1 

h.  o  <o  o 
1-5 1^  ©5  00 

24.6 

80.3. 

35.5 

40.7 

45.6 
50.5 
55.5 
60.4 

65.3 
70.2 
75.2 
80.1 

85.0 
89.9 
94.5 

1 

eiiQot^ 

•   •   .   . 

23.7 
29,2 
34.4 
39.5 

44.5 
49.4 
54.4 
59.3 

64.3 
69.2 
74.2 
79.1 

84.0 
88.9 
93.7 

6.9 

6.1 

11.4 

17.0 

22.7 
28.1 
33.3 
38.4 

43.4 
48.3 
53.3 
58.2 

63.2 
68.1 
73.1 
78.1 

83.0 
88.0 
92.8 

1 

IO»QOW 

Oieoco 

21.6 
26.9 
32.2 
37.3 

©l©)M-N 

e4r«^o»4r^ 

62.1 
67.1 
72.1 
77.0 

82.0 
87.0 
91.9 

fa 

04  04  CO  lO 

diooo 

20.7 
25.8 
31.1 
86.2 

O  O  O  o 

81.0 
86.0 
90.9 

e^oob-«c} 
d^o>«> 

1 

19.3 

24.2 

•  28.9 

33.9 

39.0 
48.9 
48.9 
54.0 

58.9 
63.9 
69.0 
74.0 

79.0 
84.0 
89.1 

1 

oot«>oo 

1 

18.7 
23.3 
27.8 
32.8 

0>  1^00  04 

00  00  OkO 

78.0 
83.0 
88.1 

1 

cooo^h^ 
d^dco 

I 

18.1 
22.4 
26.8 
31.6 

t«(Ot«00 

56.8 
61.8 
66.9 
71.9 

76.9 
82.0 
87.2* 

1 

d  ^  d  CO 

1 

17.7 
21.6 
25  8 
30.4 

35.4 
40.4 
45.6 
50.7 

-     75.9 
81.0 
86.2 

En 

1 

1 

17.3 

20.9 

24.7 

.29.3 

34.1 
39.3 
44.5 
49.6 

54.6 
59.7 
64.8 
69.8 

74.9 
80.0 
85.2 

1 

^OIQII^ 

diodco 

1 

17.0 
20.3 
23.8 
28.2 

32.9 
88.1 
43.4 

48.5 

53.6 
58.6 
63.7 

68.8 

73.9 
79.0 
84.2 
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68/  As  perfect  accuracy  in  ascertaining  the  strengths  of  liquors  is 
not  requisite  or  attainable  in  ordinary  operations,  Trallea  recom- 
mends that  one  half  of  a  per  cent,  should  be  the  smallest  fraction 
taken  into  consideration,  and  that  two  other  tables  be  calculated| 
by  interpolation,  in  place  of  Table  XIII.  and  Tablb  XIY.,  for 
eyery  half  of  a  per  cent.,  and  each  degree  of  the  thermometer  to 
be  used  by  the  revenue  officers. 

To  glass  hydrometers  he  gives  decided  preference,  as  entirely 
free  from  liability  to  falsification;  while  at  the  same  time  they  may 
be  made  oi  sufficient  strength.  Metallic  hydrometers,  ii^  his  opin- 
ion, should  be  frequently  inspected  if  in  use,  because  their  accu- 
racy is  apt  to  be  impaired,  not  only  by  bruises,  but  by  corrosion, 
and  the  consequent  change  of  weight. 

69.  The  preceding  is  a  very  complete  abstract  of  Tralles's  report, 
and  it  will  serve  to  show  with  what  care  his  work  was  done.  The 
report  contains  an  account  of  some  expeAiments  made  with  the  view 
of  ascertaining  the  influence  of  such  impurities  as  are  contained  in 
e^enuine  liquors;  besides  numerous  Illustrative  examples  of  the 
mode  of  using  each  table,  and  the  calculations  to  be  made  when  the 
observed  numbers  are  not  immediately  expressed.  The  whole  con- 
stitutes a  very  elaborate  and  able  document,  worthy  of  the  praise 
which  has  been  so  generally  bestowed  on  it. 

Other  researches  in  Germany. 

70.  In  Austria  by  Meissner. — The  results  obtained  by  Meissner, 
from  his  own  private  experiments,*  though  very  imperfect  and  un- 
satisfactory, seem  to  have  been  adopted  as  fundamental  data  in  the 
revenue  of  the  Austrian  government.  In  order  that  what  I  may 
say  of  his  investigations  may  have  as  much  authenticity  as  possi- 
ble, I  will  give  a  strict  translation  of  Meissner's  own  account  of 
them. 

71.  He  first  remarks  "that  the  tables  of  Richter  and  Lowitz  are,  in 
many  points,  incorrect,  which  must  not  be  ascribed  so  much  to 
faults  of  experiment  as  to  the  circumstance  that  they  were  both  led 
into  error,  by  supposing  a  regular  geometrical  progression  to  exist 
in  the  law  of  dilatation  of  such  mixtures. 

Richter,  by  means  of  a  few  points  only,  calculated  all  the  re- 
maining terms  of  his  table;  and  Lowitz  so  firmly  believed  the  law 
of  regular  progression,  that  he  doubted  his  own  facts,  the  results  of 
Taried  and  multiplied  experiments,  and  applied  to  them  hypotheti- 
cal corrections  required  by  the  assumed  law;  thus  deviating  from 
the  truth.  No  person  can  more  readily  excuse  such  mistakes  than 
one  who  has  made  similar  researches,  and  who  has  felt  how 
easy  it  is  to  be  led  astray  in  a  new  field  of  inquiry  by  precon- 
eeived  notions.     Of  this  truth  I  am  so  convinced,  that  I  am  confi- 

*  Die  ariometrie  in  ibrer  anweadanff  anf  Chemie  and  Tcohnik,  von  P.  T.  Meissner,  Wieii, 
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dent  I  should  have  fallen  into  the  same  error,  if  not  fo,rewarned  hj 
the  errors  of  others  which  I  discovered  in  the  use  of  their  tables,  to 
which  I  had  frequent  occasion  to  refer,  and  which  induced  me  to 
make  new  experiments." 

^^Guided  by  the  preyions  labors  of  the  above  mentioned  chem- 
ists, I  made  a  series  of  experiments  in  the  year  1806,  but  did  not 
publish  them  before  1812.  By  Richter's  method  of  distillation  with 
chloride  of  calcium,  I  prepared  a  normal  alcohol,  of  the  specific 
gravity  0.791  at  le""  R.  Of  this  liquid  I  then  made  two  sets  of 
mixtures  with  water :  one  by  weight,  and  the  other  by  volume; 
varying  their  proportions,  successively,  by  6  per  cent.  After  twen- 
ty-four hours  of  rest,  the  specific  gravities  were  taken  at  16^  R., 
and  arranged  in  tabular  form,  as  shown  in  Table  XV.  In  these  ex- 
periments I  used  the  temperature  16^  R.  in  order  to  compare  my 
results  more  readily  with  those  of  Richter  and  Lowitz ;  and  in 
making  the  mixtures  by  volume,  to  avoid  error,  I  first  calculated 
from  the  specific  gravity  of  each  liquid  the  weight  corresponding 
to  the  required  volume,  and  then  determined  the  latter  by  means, 
of  the  balance,  instead  of  measuring  it  directly.  On  these  results 
I  also  founded  the  construction  of  my /z/coAo/ome/er,  which  indicates 
per  cents  by  volume,  and  by  weight,  of  pure  alcohol  contained  in 
any  spirituous  liquor." 

72.  The  tables  of  Tralles  were  published  in  1811,  but  Meissner 
seems  to  have  known  nothing  of  them,  or  of  those  of  Messrs.  Gil- 
pin and  Blagden,  until  he  had  finished  the  above-mentioned  work. 
Subsequently,  in  1814,  when  he  obtained  Tralles's  report,  and  com- 
pared the  results  with  his  own,  he  found  that,  ''  in  general,  they 
agreed,  having  only  some  slight  and  discontinuous  deviations.  But 
to  remove  even  these  small  differences,  if  possible,  a  new  series  of 
experiments  were  made." 

^^  As  the  first  experiments  were,  by  chance,  performed  with  alcohol 
obtained  from  wine,  the  new  series  were  made  with  spirit  prepared 
from  whiskey;  the  specific  gravities  were  taken  at  14^  R.;  and  the 
results  were  arranged  in  a  table,  (Table  XYI.;)  to  which  I  shall 
reC^r  for  the  determination  of  the  true  strengths  of  spirituous 
liquors,  though  it  will  readily  be  seen  that  the  former  table  may  be 
used  for  the  same  puipose  without  important  errors  being  thus  pro-^ 
duced." 
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TABLE  XT. 


- 

... 
8pecifte  gravity  at  le^"  R. 

Speoific  gravity  at  16^  R. 

Per  cent. 

Per  cent. 

By  weight. 

By  tolame. 

By  weight. 

By  Tolame. 

100 

791 

791 

45 

926 

938 

95 

805 

809 

40 

937 

94T 

90 

8i8 

824 

35 

947 

955 

85 

831 

839 

30 

955 

963 

80 

843 

854 

25 

963 

969 

75 

856 

867 

20 

970 

975 

70 

863 

880 

15 

977 

981 

65 

880 

893 

10 

984 

987 

60 

892 

906 

5 

992 

993 

55 

9i4 

917 

0 

1000      / 

1000 

50 

915 

928 

TABLE  XVI. 


Specific  gravity  at  14®  R. 

Speoific  gravity  at  14<»  R. 

Per  cent. 

Per  cent. 

By  weight. 

By  Tolnme. 

By  weight. 

By  vdune. 

loO 

7932 

7932 

45 

9286 

9404 

95 

8074 

8114 

40 

9391 

9495 

90 

8225 

82S6 

35 

9486 

9580 

85 

8353 

8427 

30 

9578 

9643 

80 

8470 

8566 

25 

9647 

9700 

75 

8590 

8695 

20 

9712 

9756 

70 

8704 

8833 

15 

9775 

9803 

65 

8831 

8958 

10 

9830 

9859 

60 

8948 

9075 

5 

9914 

9929 

55 

9060 

9191 

0 

10000 

10000 

50 

9173 

9303 

73.  With  reference  to  the  results  of  this  second  series  of  experi- 
ments Meissner  says:  ^^1  had  full  confidence^  both  in  the  tables  of 
Professor  Tralles  and  in  the  correctness  of  my  own  previous  inyes- 
tigationsy  therefore  the  discrepancies  between  them  were  to  me 
incomprehensible.  It  would  be  going  beyond  my  prescribed  limits 
to  reldte  the  whole  series  of  my  subsequent  experiments,  but  a 
brief  statement  of  the  conclusions  to  which  they  lead  may  not  be 
out  of  place.     They  tend  to  show:" 

^*  1.  That  an  opinion  formerly  expressed  by  me  is  probably  cor- 
rect, viz.:  that  the  several  varieties  of  alcohol  which  are  made  from 
different  vegetable  substances,  or  under  different  circumst.ances  of 
fermentation,  by  no  means  possess  the  same  properties,  as  heretofore 
supposed,  but  vary  both  in  taste  and  smell,  and  may  also  give  dif- 
ferent specific  gravities  when  similarly  combined  with  water;  for 
slight  variations  in  the  law  of  dilatation  were  given  by  these  dt£fer- 
ent  products  of  vinous  fermentation;   and  it  was  evident  that  t&e 
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deviatioDs,  thdugh  generally  very  small,  were  greatest  between 
alcohol  made  from  whiskey  and  that  from  wine." 

'^2d.  That  some  kinds  of  alcohol  by  distillation  over  alkalies  or 
muriate  of  lime  are  very  quickly  brought  to  the  assumed  specific 
gravity  of  pure  alcohol^O.TOl  at  16^  R.;  while  others  require  many 
repetitions  oif  the  process;  and  some  cannot  be  brought  to  that  de- 
gree at  all." 

"  Whether  these  results  are  due  to  differences  in  proportion  of 
the  constituent  elements,  as  I  firmly  believe,  or  to  intermixture 
withvegetable  oils;  or  to  the  absence  or  presence  of  a  small  quan- 
tity of  ether;  and,  in  the  latter  case,  in  what  manner,  the  formation 
of  this  ether  can  be  explained,  are  questions  which  I  leave  others 
to  decide." 

^^  It  is  sufficient  if  we  are  enabled  to  perceive  how  it  may  happen 
that  so  many  excellent  chemists  contend  that  alcohol  of  the  specific 
gravity  0.791  at  16^  R.  does  not  exist;  and  also  why,  in  the  most 
exact  experiments,  slight  deviations  are  inevitable." 

74.  It  may  be  observed  that  Meissner  makes  no  mention  of  the 
degree  of  care  taken  in  determining  either  the  specific  gravities  or 
the  temperatures  of  his  mixtures;  and  his  ready  mode  of  explaining 
away  all  discrepancies  between  bis  own  work  and  that  of  others, 
by  asserting  that  the  varieties  of  alcohol  obtained  by  different  pro- 
cesses or  from  dissimilar  substances  are  not  identical,  is  set  aside, 
both  by  the  established  facts  of  more  modern  chemistry,  and  by  the 
remarkable  coincidence  of  the  specific  gravities  obtained  by  Messrs. 
pilpin  and31agden  fqr  mixtures  made  with  alcohol  distilled  from 
rum,  and  those  determined  with  equal  care  by  Delezennes,  who 
used  absolute  alcohol  prepared  from  wine  by  distillation  with  chlo- 
ride of  calcium.  (See  section  82.)  We  must,  therefore,  ascribe  any 
discrepancies  between  Meissner's  work  and  that  of  the  persons  just 
mentioned,  rather  to  want  of  skill  and  care,  or  to  errrors  on  his 
part,  than  to  differences  in  the  alcohol.  In.  Section  107)  I  have 
compared  the  fundamental  data  of  Meissner  with  those  of  Tralles 
and  Gay  Lussac,  and  thus  shown  that  they  do  not  possess  particular 
merit. 

I  may  here  add,  that  the  statement  of  Meissner,  <^  that  slight 
variations  of  the  law  of  dilatation  were  given  by  these  different 
products  of  vinous  fermentation"  does  not  seem  to  have  been  justi- 
fied. For  experiments  made  only  at  two  temperatures  not  very  re- 
mote from  each  other,  14^  and  16^  R.,  certainly  could  not  indicate 
a  law  for  temperatures  generally. 

76.  Whether  similar  and  more  exact  researches  than  those  of 
Tralles  or  Meissner  have  since  been  made,  either  for  private  pur- 
poses or  by  authority  of  any  of  the  numerous  governments  of  Ger- 
many, I  have  found  no  means  of  ascertaining.  But  it  is  highly 
improbable  that  such  should  have  been  the  fact,  or  mention  would 
have  been  made  of  it  in  the  excellent  ^'  Handwdrterhuch  der 
Chemiej^^  of  Liebig,  Wohler  and  Poggendorff,  to  which  I  have  had 
repeatedly  to  refer. 


[50] 


476 

Eaperiments  in  Russia. 


76.  Lov>itz*s  results. — Of  these  I  can  add  but  little  to  what  has 
been  already  giTen  in  the  preceding  abstracts  of  the  papers  of 
Tralles  and  Meissner,  (sections  49  and  71;)  because  I  haye  beea 
unable  to  procure  the  book  in  which  Lowitz  published  his  re-> 
searches,  (CrelPs  Chem.  Annal.|  vol.  1|  1796.)  As  reference  is 
often  made,  howeyery  to  his  table,  I  here  insert  it  as  taken  from 
Poggendorff's  article  on  alcoholometry,*  but  somewhat  abridged: 

TABLE  XVII. 


Percent. 

Sp.  grav. 

Per  cent. 

Sp.  grav. 

Peroent. 

Sp.  grav. 

Percent 

Sp.  graT. 

100 

791 

75 

856 

50 

914 

25 

965 

95 

805 

70 

868 

45 

9:6 

20 

973 

90 

818 

65 

880 

40 

936 

15 

980 

85 

831     60 

892 

35 

946 

10 

987 

80 

844     55 

903 

30 

956 

5 

994 

In  this  table  the  per  cents  are  bj  weight,  and  the  specific  grari* 
ties  are  supposed  to  be  taken  at  16*^  R.,  water  being  unity  at  the 
same  temperature. 

^  77.  Muncke^s  experiments  — A  yery  elaborate  and  skilful  series 
of  researches,  relatiye  to  the  dilatation  of  liquids,  made  with  ther- 
mometric  tubes  by  Muucke,  has  been  published  in  the  transactions 
of  the  academy  of  St.  Petersburgh.f  To  those  for  water,  as  well 
as  to  Hallstrom's  calculations  of  their  probable  results,  I  have  had 
occasion  to  refer  both  in  my  former  report  (page  82)  and  in 
the  appendix  herewith  submitted. 

Had  not  Muncke  neglected  to  examine  the  fixed  points  of  his 
thermometers,  these  researches  might  be  considered  yery  perfect; 
but  that  oversight  has  been  committed  by  other  observers,  with  the 
exception  of  M.  Despretz;  and  similar  errors,  therefore,  exist  in 
their  several  results. 

Among  the  tables  of  Muncke,  there  is  one  for  the  expansion  of 
alcohol,  of'  the  specific  gravity  0.8062,  at  0^  cent.,  water  being 
unity  at  its  maximum  density.  The  calculated  volumes  of  which 
table  have  been  deduced  from  the  formula: 

A  y  ==:  0  0010151148848  t  +  0.00000308840689  t* 
—  0.0000000152458568  f; 

which  gives  a  maximum  at  89.5^  c,  or  127.^3  F.,  below  zero. 


*  Handworterb.  d.  Chem.,  vol.  1,  pap^e  214. 
t  M6ia.  |ur4tent.  ^  TAead.  de  St.  Peierab.,  par  diT.  Savant  t.  1  et  2. 
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TABLE  XVIII. 
Dilatation  of  pure  alcohol. 
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Yolome.                | 

Yolome. 

Temp. 

Temp. 

Calcalated. 

Observed. 

Calculated. 

Observed. 

-15*>  C. 

0.9655331 

0.9851728 

+  14*'C. 

1.0147641 

1.0147368 

—10 

0.9901709 

0.9899009 

16 

69536 

68808 

—  6 

0.9950040 

0.9949189 

18 

91605 

90674 

0 

1.0000000 

1.0000000 

20 

1.0213837 

1.0212762 

+  1 

10182 

10719 

22 

36224 

33893 

2 

20424 

21021 

25 

70074 

67491 

3 

30726 

31575 

30 

1.0327134 

1.0322457 

4 

41086 

42463 

35 

84872 

79702 

5 

61504 

53185 

40 

1.0443143 

1.0436746 

6 

61977 

63071 

45 

1.0501804 

1.0496608 

7 

72505 

735^5 

50 

60710 

1.0567882 

8 

83087 

84166 

55 

1.0619717 

1.0619054 

9 

93722 

94823 

60 

78681 

82757 

10 

1.0104407 

1.0105547. 

65 

1.0737456 

1.0746065 

11 

15143 

16215 

70 

1.0796899 

1.0811729 

12 

25929 

26885 

' 

Researches  in  France. 

78.  Although  iovestigationsy  baviog  for  their  object  the  more 
exact  determination  of  the  chemical  properties  of  vinous  and  alco* 
holic  liquorsi  were  made  by  several  of  the  distinguished  chemists 
of  France,  no  careful  and  complete  series  of  experiments,  with  re- 
ference to  the  practical  use  of  specific  gravities  for  ascertaining  the 
strengths  of  liquors,  seems  to  have  been  made  in  that  country  until 
about  the  year  1820.  At  that  time,  the  French  government  deter- 
mined to  alter  its  defective  system  of  levying  duties  on  spirits, 
based  upon  the  arbitrary  scale  of  Cartier's  hydrometer,  and  to  ren- 
der it  perfectly  Just  by  making  the  duty  to  be  paid  by  any  liquor 
proportional  to  its  real  value.  The  scientific  men  of  the  country 
were  induced,  by  this  circumstance,  to  consider  the  subject  and  to 
oflTer  plans,  which  were  submitted  to  the  Academy  of  Sciences  at 
Paris  for  a  decision.  MM.  Francceur,  Delezennes,  and  Gay  Lussac 
devoted  much  time  and  attention  to  the  matter;  and  brought  for- 
Tward,  about  the  same  time,  three  independent  and  excellent  methods 
of  attaining  the  desired  end, 

79.  M.  Francceur  proposed  the  adoption  of  his  "  ariometre  cen- 
tigrade^^  or  the  decimal  hydrometer  which  I  have  fully  discussed 
in  my  former  report.*  He  performed  no  experiments  to  determine 
the  specific  gravities  of  mixtures  of  alcohol  and  water;  but  referred 
for  these  to  the  data  of  Messrs.  Gilpin  and  Blagden;  and,  when  the 
decision  of  the  academy  was  pronounced  in  favor  of  the  method  of 


*  Sea.  Doo.  No.  165 ;  28ih  Cong.  2d  Session^  p.  52,  et  seq. 
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M.  Gay  Lussac,  be  dropped  the  subject.  To  give  his  own  account 
of  the  matter:*  ''the  administration  submitted  my  memoir  to  the 
Academy  for  its  advice.  But,  upon  comparison  of  the  method  I 
proposed  with  that  of  M.  Gay  Lussac,  more  simple  and  more  easj 
of  application,  the  latter  obtained  the  preference,  very  justly  as  I 
at  once  acknowledg^^d.  The  favorable  opinion  given,  with  refer- 
ence to  my  memoir,  consoled  me  for  its  merited  rejection,  and  I 
abandoned  my  researches." 

80.  M.  Delezennes  invented  a  hydrometer  very  similar  to,  and, 
indeed,  almost  identical  with  that  of  FranccBur.  The  only  differ- 
ence being  that  the  scale  of  the  former  was  divided  into  400  inte- 
gral parts,  but  that  of  the  latter  into  200,  subdivided  into  halves 
and  tenths.  This  apparent  identity  becomes  even  mor.  striking,  if 
the  reasons  assigned  by  Delezennes  for  the  selection  of  400  degrees 
instead  of  200  are  tkken  into  view.     They  are  as  follows:! 

'^  The  construction  of  the  hydrometer  should  be  independent  of 
all  comparisons;  it  should  be  based  exclusively  upon,  and  be  de- 
rived from  the  uses  to  which  it  is  to  be  applied;  and  the  division 
of  the  scale^Bs  it  is  arbitrary,  should  conform  to  the  decimal  system. 
Also,  the  instrument  should  be  universal,  or  adapted  to  every  case 
which  may  occur;  one  of  the  extremities  of  the  scale  should,  there- 
fore, correspond  to  a  density  a  little  less  than  that  of  the  ligiitest 
liquid  known,  say  to  0.700;  and  the  other  to  a  density  somewhat 
greater  than  that  of  the  heaviest  liquid,  except  mercury,  or  to  2.000 
nearly.  The  difference  between  these  extremes  is  1.300,  of  which 
0.013  is  the  hundredth  part.  Now  the  instrument,  to  be  useful, 
should  have  sufficient  sensibility  to  render  appreciable,  from  one 
degree  of  its  scale  to  another,  a  mean  difference  of  about  0.003. 
The  scale  must,  therefore,  be  divided  into  at  least  400  parts;  each 
of  which^  to  be  appreciable,  should  have  an  extent  of  at  least  one 
millimetre;  and  the  whole  scale  must,  therefore,  be  40  centimetres 
long." 

81.  By  far  the  most  valuable  part  of  M.  Delezennes'  researches 
was,  however,  a  very  complete  and  exact  series  of  experiments, 
made  with  a  view  of  determining  the  relative  specific  gravities  of 
different  mixtures  of  alcohol  and  water,  as  a  proper  basis  for  the 
system  designed  for  the  use  of  the  government.  And  as  these  ex- 
periments constitute  the  only  comparative  and  independent  results^ 
of  equal  merit  with  those  of  Messrs.  Gilpin  and  Blagden,  which, 
have  been  published  in  an  authentic  manner,  and  of  which  I  possess 
any  knowledge,  they  are  entitled  to  particular  attention:  the  more 
so,  perhaps,  because  the  success  of  Gay  Lussac  caused  them  to  be 
neglected;  without,  at  the  same  time,  furnishing  equivalent  funda- 
mental results  as  a  substitute  for  them. 


*  Franeoeor  Memoire  sar  I'Areom^trie,  p.  1«    Paris,  1842. 
t  Joarnal  de  Phyaiqoe,  t.  S4,  p.  204. 
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82.  The  original  memoir  of  Delezennes  on  mixtures  of  alcohol 
and  water  appeared  in  the  transactions  of  the  Society  of  Agricul- 
ture, Sciences  and  Arts  of  Lille,  for  the  year  1823,  a  book  not  rea- 
dily met  with;  I  must,  therefore,  refer  to  the  account  of  it  given 
ia  Ferussac's  Bulletin*,  fron"  which  I  have  extracted  the  following 
table  and  brief  remarks: 

'^  The  experiments  of  M.  Delezennes  have  been  made  with  ex- 
treme care.  J^tither  the  alcohol^  nor  the  water ^  was  deprived  of 
the  air  which  those  liquids  usually  contain,  and  the  mixtures  were 
made,  by  weight,  for  every  20th  part  of  alcohol;  i.  e.,  they  varied 
successively  five  per  cent.  Their  specific  gravities  were  taken  at 
the  temp«^ratures  0°,  18*^,  36^  and  64^,  cent.;  by  weighing  them  in 
a  thin  bottle  with  a  tight  conical  stopper.  AH  the  weighings,  both 
for  the  mixtures  and  the  specific  gravities,  were  performed  accord- 
ing to  the  method  of  double  weighing,  and  the  proper  reductions 
were  made,  in  every  instance,  for  the  loss  of  weight  caused  by  the 
air,  as  well  as  for  the  state  of  the  thermometer,  barometer  and  hy- 
grometer. 

TABLE  XIX.  • 


Specific  gravity  of  the  mixture. 

AtO*»C. 

Atl8«. 

At36^ 

At  64<». 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

a5 

90 
95 
100 

1.00000 
0.991^ 
0.96504 
0.98007 
0.97596 
0.97145 
0.96579 
0.95886 
0.95066 
.   0.93994 
0.93047 
0.92039 
0.90909 
0.89791 
0.88619 
0.87496 
0.86325 
0.85U1 
0.83840 
0.8252-2 
0.81190 

0.99855 
0.98983 
0.98261 
0.97587 
0.96974 
0.96312 
0.95588 
0.94682 
0.93781 
0.92733 
0.91632 
0.90605 
0.89474 
0.88338 
0.87180 
0.85974 
0.84834 
0.83561 
0.82310 
0.80974 
0.79539 

0.99351 
0.98520 
0.97684 
0.96853 
0.96084 
0.95254 
0.94395 
0.93453 
0.92402 
0.91303 
0.90259 
0.8904i 
0.87962 
0.86763 
0.8f582 
0.84336 
0.83191 
0.81975 
0.80722 
0.79385 
0.78013 

0.98721 

97736 

96806 

96050 

95054 

94097 

93166 

92133 

91058 

0.89963 

0.88801 

0.87594 

0.86382 

0.85194 

0.84047 

0.82884 

0.81693 

0.80414 

0.79099 

0.77790 

0.76436 

^'  ^'  By  interpolation,  Delezennes  obtained  the  specific  gravities 
for  every  single  per  cent.,  both  by  weight  and  by  volume,  but 
only  for  the  temperatures  indicated  above.  He  also  endeavored 
to  discover  the  law  of  the  densities  in  question;  whether,  for  ex- 

*  Balletin  Univ.  des  8cieoces  Math.  t.  8,  p.  132. 
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ample,  they  may  be  considered  functions  of  a  mixture  of  alcohol 
and  water  at  a  maximum  degree  of  condensation,  mixed  with  an 
excess  of  alcohol,  or  of  water,  without  diminution  of  volume;  but 
he  obtained  no  satisfactory  results. 

These  researches  were  discontinued  when  the  goyernment  adopted 
the  system  proposed  by  Gay  Lussac;  and  they  do  not  appear  even 
to  have  been  laid  before  the  academy;  probably  by  reason  of  their 
incomplete  condition  at  the  time  of  its  decision. 

83.  Researches  of  Gay  Lussac. — Before  discussing  the  alcoho- 
lometer, and  the  tables  for  its  use^  which  have  have  been  con- 
structed by  this  distinguished  philosopher,  and  established  by  law, 
not  only  in  France,  but  also  in  Sweden  and  Belgium,  it  may  be 
well  to  give  an  account  of  some  experiments  made  by  him  in  1816 
on  the  dilatation  of  liquids,*  which,  probably,  constitute  part  of 
the  fundamental  data  upon  which  he  based  the  above-mentioned 
instrument  and  tables.  I  say  probablyj  because  Gay  Lussac  has 
not  published  those  data,  as  he  certainly  should  have  done,  if  he 
wished  to  place  beyond  douVt  and  conjecture,  either  the  justiife 
of  the  French  revenue,  or  the  truth  and  scientific  merit  of  his  own 
work. 

84.  The  object  of  the  experiments,  to  which  reference  is  here 
made,  was  to  discover,  if  possible,  a  general  law  of  dilatation  for 
liquids.  Gay  Lussac  had  been  led  to  think  that  the  principal 
cause  of  failure  in  all  previous  attempts  of  the  kind  was,  that  the 
liquids  had  not  been  placed  under  like  physical  circumstances. 
He,  therefore,  took  the  temperature  of  ebullition  for  each  liquid 
as  the  proper  origin,  instead  of  a  common  temperature,  such  as 
that  of  melting  ice,  which  must  correspond  to  dissimilar  molecular 
states  in  various  fluids.  At  their  boiling  points,  the  repulsive  force 
of  the  molecules  should  be  the  same;  it  is  natural  to  suppose, 
therefore,  that  the  comparative  variations  of  dilatation  would  be 
more  regular,  if  reckoned  from  such  a  physical  point  for  each. 
The  idea  was  ingenious,  and  it  led  to  the  discovery  of  a  remarka- 
ble coincidence  between  the  dilatation  of  alcohol  and  that  of  the 
sulphuret  of  carbon,  but  not  of  any  general  physical  law. 

85.  The  apparatus  for  each  liquid  consisted  of  a  tbermometer 
tube  of  carefully  determined  capacity,  filled  with  a  quantity  of  the 
fluid,  of  which  the  volume  was  assumed  to  be  1000  at  its  boiling 
point,  and  the  contractions  were  estimated  proportionally  at  in- 
ferior temperatures.  For  alcohol,  of  which  the  density  was  found 
by  experiment  to  be  0  79235  at,  17^.88  cent.,  and  0.73869  at  78.*^41, 
or  its  boiling  point,  that  of  water  at  its  maximum  density  being 
unity;  and  for  waier,  the  density  of  which  at  100°  cent  ,  its  boil- 
ing point,  was  0  96064,  the  following  table  gives  the  observed 
contractions: 


*Adii.  de  Ohim.  et  de  Pbys.  t.  2.  p.  130. 
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TABL6  XX. 


Wa4«r. 

» 

• 

Aloobol. 

J 

a 
o 

1 
I 
i 

j 

i 

I- 
1 

g 

1 

i 

8 

H 

O 

H 

^ 

H 

O 

H 

o 

o'o 

0.00 

0 

61.5 

32.94 

oto 

'  0.09 

47^9 

53.81 

3.6 

2.44 

67.4 

34.76 

4.4- 

4.90 

51.9 

57.92 

8.0 

5.40 

72.2 

36.07 

5.5 

6.06 

66.7 

62.74 

9.2 

6.13 

76.1 

36.94 

6.7 

7.69 

61.2 

67.15 

14.3 

"^10.13 

78.7 

37.45 

11.6 

13.25 

62.9 

68.88 

21.0 

13.68 

80.2 

37.74 

15.2 

17.82 

63.5 

69.38 

26.6 

17.00 

80.4 

37.85 

19.8 

23.13 

65.5 

71.16 

33.1 

20.113 

84.5 

38.25 

23.6 

27.52 

67.3 

72.97 

39.9 

24.06 

86.0 

38.52 

26.8 

31.15^ 

70.7 

76.10 

46.2 

26.95 

•  •  •  • 

31.8 

36.79 

72.5 

77.85 

61.4 

29.14 

•  •  •  .\ 

34.8 

40.05 

73.8 

79.03 

56.4 

81.16 

•  •  •  • 

40.8 

46.57 

•  •  •  ■ 

No  correction  was  made  in   these  results  for  the  contraction  of 

the  gla88}  fox  there  is  anothercounteracting  variation^  dependent 

upon  the  vapour  which  fills  the  space  in  the  tube  above  the  liquid^ 

and  the  film  which  coats  its  inner  wall^  the  amount  of  which  can* 

^Q#  be  accurately  determined. 

86.  To  render  the  law  of  dilatation  more  evident  for  each  of 
these  liquids,  M.  Despretz^  at  the  request  of  M.  Gay  Lussac,  com- 
puted from  the  data  of  the  preceding  table,  by  means  of  Biot'a 
formula, 

another  table,  hereto  annexed,  in  which  the  'temperature  decreases 
bj  regular  intervals  of  five  degrees,  commencing  at  the  point  of 
ebullition,  as  the  zero  or  oriein. 


^ 
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TABLE  XXI. 


W&tor. 

• 

•    Aloohol. 

1 

1 

1 

a 
■2 

2 

1 
1 

1 

1 

1 

a 

a 

S 

a 

•  a 

a 

a 

a 

s 

o 

9 

o 

o 

o 

o 

o 

H 

O 

H 

O 

H 

O 

H 

O 

8 

0.00 

& 

24.20 

6 

0.00 

& 

'  45.66 

6 

3.35 

45 

26.62 

5 

5.56 

45 

51.11 

10 

6.65 

50 

28.61 

10 

11.24 

50 

56. 3T 

15 

9.89 

56 

30.43 

15 

17.00 

55 

61.43 

20 

13.02 

60 

31.^6 

20 

23.41 

60 

•66.23 

25 

16.06 

65 

33.19 

25 

28.60 

65 

70.75 

80 

18.95 

70 

34.09 

30 

34.37 

70 

74.93 

35 

21*67 

75 

34.63 

35 

40.05 

75 

7S.75 

87.  I  hare  already  giv^n  quite  a  full  account  of  the  centesimal 
alcoholometer  of  M.  Gay  Lussac^  and  the  simple  idea  upon  which 
it  is  based,  in  my  former  report,*  to  which  I,  therefore,  respect- 
fully refer.  In  that  paper  I  made  the  assertion,  which  I  hare  re- 
peated in  this,  that  Gay  Ifussac*has  not  published  the  data  for  the 
construction  either  of  his  tables  or  the  instrument  to  which  they 
belong.  To  justify  this  negative  statement  of  matters  of  fact.  I 
should  here  give  my  authority  for  so  doing.  ■ 

-  M.  Dumas,  who  must  have  had  full  opportunity  of  ascertaining, 
saysrf  **The  experimentsof  Gay  Lussac  were  made  with  extreme 
dare;  but  he  hds  published  only  the  results  relative  to  the  use  of 
his  centis^mal  alcoholometer,  without  giying  the  densities  employed 
for  its  construction." 

^  88.  In  the  abi^ence,  therefore,  of  direct  and  authentic  informa- 
tion from  Gay  Lussac  himself,  we  must  either  depend  upon  the  tes- 
timony of  others,  which  he  has  at  least  allowed  to  go  without  con* 
tradiction,  and  probably  authorized,  or  reverse  the  calculations  by 
which  the  numbers  of  his  tables  wei|^  computed  from  the  specific 
gravities  given  by  experiment,  and  thus  seek  to  obtain  the  latter. 
This  second  method  would  be  perfect,  if  the  numbers  in  the  tables 
were  exact,  which  cannot,  however  be  assumed;  for  it  is  very 
probable  that,  like  those  of  the  similar  tables  of  TraLles,  (see  §  67,) 
they  are  not  in  all  cases  accurate  to  so  small  a  quantity  as  the 
tenth  of  a  per  cent. 

89.  In.his  excellent  treatise  J  on  chemistry,  Berzelius  says:  "More 

*  Senate  Doo.  No.  165,  28th  Cong.,  2d  Sess.,  p.  68  and  p.  76. 

t  *^  Leg  experiences  de  M.  Gay  Lussac  ont  ii6  faites  avec  an  soin  extreme,  mais  il  n*a 
public  que-les  r^altats  r^laiifs  k  I'emploi  de  son  alcora^ttre  centesimal,  sans  donner  lea 
densit6s  d'6u  il  est  parti  poor  le  oonstruire.''-— Traiid  de  Chim.  Appliq.  aox  Arts,  t.  T., 
p.  483. 

t  rir«t  Frencli  edition,  t  YI.,  p.  488.  ' 
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recently  Gay  Lussac  has  made  tables  to  be  used  for  assaying  and  ' 
mixing  spirituous  liquors.  These  tables^  made  for  the  normalteia- 
perature  15^  cent.,  depend  upon  the  following  densities  of  anhy- 
drous alcohol,  and  of  its  mixtures  with  water;  which  densities  are 
referred  to  that  of  water  at  15^,  and  not  to  that  which  it  would 
hare  at  its  maximum  density," 

TABLE  XXII. 


P«r  cent,  of 

Speoifto     < 

Per  cent,  of 

Speoifio 

aioohol. 

gravity. 

aloobol. 

gravity. 

100 

0.7947 

60 

0.9141 

95 

0.8168 

55 

0.9248 

90 

0.8346 

50 

0.f348 

85 

0.8502 

45 

0.9440 

80     • 

0.8645 

40 

0.9623 

75 

0.8779 

35 

0.9595 

70 

0.8907 

30     ^ 

0.9656 

«5 

0.9027 

0     ' 

1.0000 

^^These  numbers  appear,"  says  Berzelius,  ^Uo  be  based  upon  ex- 
periments which  Oay  Lussac  has  not  published;  for,  although  they 
differ  essentially  from  those  of  Ik^Iles,  only  by  reason  of  the  cir- 
cumstance that  one  has  compared  The  weight  of  alcohol  to  that  of 
water  as  unity  at  the  temperature  of  15^,  while  the  other  has  takem 
0.9991  as  the  density  of  water  at  that  temperature,  yet  when  we 
reduce  the  numbers  of  Tralles  (See  Table  VII.),  for  one  degree  of 
Fahrenheit,  or  59^,  and  then  divide  them  by  0.99.91,  differences  will, 
be  obseryed.  It  is  thus  found  that  the  density  of  the  anhydrous 
alcohdl  of  Tralles  is  0.7951.  The  differences  in  the  specific  gravi- 
ties of  the  mixtures  become  still  smaller,  and  in  the  last  third  of 
the  series  they  disappear  entirely.  Hence,  it  is  evident  that  Gay 
Lui^ac  determined  the  density  of  alcohol  with  greater  exactness^ 
and  from  the  discrepancies  which  are  found  when  his  numbers  are 
compared  by  calculsition  with  those  of  Tralles,  it  also  follows  that 
Gay  Lussac  corrected  the  densities  of  the  mixtures.  In  every  in- 
stance, the  difference  is,  however,  so  small  that,  for  practical  pur- 
poses, it  may  be  disregarded.'* 

90.  That  Berzelius  must  have  had  pood  authority  for  all  that  he 
has  thus  said,  results  not  only  from  his  almost  proverbial  accuracy 
in  matters  of  (science,  but  also  from  the  responsibility  which  he 
assumed  in  his  connexion  with  the  action  of  the  Swedish  govero- 
menlt,  of  which  he  thus  speaks: 

•  "Until  the  close  of  the  year  1827,  the  method  of  examination  of 
Wilcke  was  used  in  Sweden.  But  in  1828,  the  Swedish  go.vern- 
ment,  at  the  recommendation  of  the  Academy  of  Sciences,  adopted 
a  much  more.  convenielUt  and  certain  method,  which  had  already 
'been  established  in  Prussia  and  in  France."  •  #  *  •  *  nj^^ 
the  temperature  15^  cent,  used  in  France,  is  nearly  the  mean  tem- 
perature at  which  spirituous  liquors  are  guaged  and  inspected,  and 
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as,  by  its  adoption,  the  work  of  Gay  Lussac  done  for  France,  which 
is  the  most  complete  and  the  best  adapted  to  general  use  of  any  yet 
-performed,  wauld  become  applicable  for  Sweden,  the  Swedish  goT- 
ernment  fixed  the  temperature  at  16^  cent,  to  which  the  rolomes 
are  to  be  reduced  in  all  measurements  of  ardent  spirits."  •  •  •  • 
^^The  centesimal  alcpholmeter,  constructed  .according  to  the  data 
of  Gay  Lussac,  is  now  adopted  in  Sweden,  and  by  law  the  tables 
which  he  has  prepared  are  to  be  employed  in  the  examination  of 
spirits." 

91.  In  the  article  Alcohol^  of  .the  Dictionnairt  de  Technologies^ 
M.  Pelouze  gives  the  same  table  (Table  XXII.),  as  that  of  M.  Gay 
Lussac,  and  adds:  ^Ht  is  upon  these,  densities  that  Gay  Lussac  based 
the  construction  of  his  tables  for  the  mixing  {mouiUage)  of  spiri- 
tuous liquids." 

Where  MM.  Ptfouze  and  Berzelius  got  this  table  from,  they 
only  know;  I  have  been  unable  to  find  it,  or  any  reference  except 
to  Berzelius'  for  it;f  upon  their  authority  t  however  adopt  it  in- 
the  calculations  I  have^ade  for  the  comparison  of  the  results  of 
Gay  Lussac  with  those  of  Tralles  and  others.  (See  sections  107 
and  108.) 

92.  The  tables  of  M«  Gay  Lussac,  published  in  the  form   of  a 
small  book  entitled  ^^Instruction  pour  Vusage  de  VAlcoometre    cen- 
tesim'alj  et  des  tables  qui  Paccom^agnent;  par  JIf.  Gay  Lussac^  ffc.y^ 
are  four  in  number.     Of  these,  tb|  last  is  simply  a  multiplication 
table  for  all  numbers  between  1  and  1000,  to  render  more  easy  and 
certain   the  multiplications  and   divisions  which   may  have  to  be# 
made  by  unskillful  persons  in  the  use  of  the  alcoholometer.     The 
third  table  refers  to  the  mixing  of  liquors  of  given  strength,  for  the 
purpose  of  producing  one  of  any  required  per  cent.     Such  a  table, 
though  indispensable  td  dealers  and  distillers,  can  have  no  applica- 
tion  in  the  revenue,  except  in  relation  to  questions  which  may  arise 
from   attempts   to  evade  laws  unskillfully  framed;    for   it  would 
furnish  the^ information  required  by  a  dealer,  who  would  wish  to 
import  a  liquor  so  reduced   in  quality  that  it  would  pay  'duty  as  of 
inferior  strength,  but  be  saleable  as  of  higher  proof.     The  first  and 
second  tables   are,  however,  those  which   relate  to  the   subject  of 
determining  the  proper   duty  to  be  levied,  and  which,  therefore,, 
require  particular  notice  here.     For  revenue  purposes,  only  one  of 
these   is  necessary,   that  already  alluded  to  in  section  13,  which 

f;ives  the  richness  or  value  of  a  liquor,  of  which  the  number  of  gal- 
ons  and  strength  are  determined  at  any  indicated  temperature. 
This  table,  the  second  of  Gay  Lussac,  is  identical  in  its  nature  and 
object  with  Tables  XIII.  and  XIY.,  constructed  by  Tralles,  and  must 
iiave  been  based  upon  data  similar  to  those  contained  in  Table  X. ;  it 
differs  from  Tables  XIII.  and  XIY.  in  its  arrangement,  which  is  im- 

'  *  Abr^ge  da  Grande  Diet,  de  Technol.  t.  i.,  p.  123. 

t  "Gay  Lassao  selbst  scheint  von  den  FundamoDtal  Bc'stimmnngen.  nach  welohen  er  wtm 
JUkohoIemeter  const rairt  hat,  nichts  bekannt  eemaoht  zu  baben.  In  dees  ffiebt  Beneiios  » 
seinem  Lehrbacb  hierflber  folgende  Tafel."  Poggeodorff  in  the  H.  w.  ba«E  d.  ehea.  voK  !» 
p.  394. 
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prored  by*  causing  the  indication  and  real  strength  to  change  placeg, 
so  that  the  former  becomes  the  argument  instead  of  the  latter;  and 
it  is  computed  to  every  single  per  cent.,  or.  degree  of  the  alcohol- 
ometer. In  this  report,  designed  to  furnish  fundamental  datar&ther 
"than  practical  instruction,  it  would  be  inappropriate  to  embody 
nuch  a  table.  The  fojlowing  extract  from  it  may,  however,  serve 
as  a  specimen  of  the  whole;  and  it  will,  probably,  render  what  haa 
been  said  more  clear  to  some  persons.  It  has  been  selected  at 
random  from  the  midst  of  the  table. 


- 

1 • 1 

Temp. 

61  c. 

62  c. 

• 

^  63  c. 

64  €. 

• 

66  c. 

<>•. 

66.8 

67.8 

68.8 

69.8 

70.8 

.66.6 

67.6 

68.6 

69.4* 

70.4  , 

66.1 

67.1 

6^.1 

69.1 

70.1 

69;  6 

66.6 

67.6 

68,6 

69.6 

66.3 

66.3 

67.3 

68.3 

69.3 

64.9 

65.9 

66.9 

67.9 

68.9k 

.   64.6 

65.6 

66.6 

67.6 

68.6 

64.1 

66.1 

66.1 

67.1 

68.1 

63.8 

64.8 

6<i.8 

66.8  . 

67.7 

The  figures,  61c,  62c,  etc.,  denote  the  indications  of  the  instru* 
ment;  the  small  letter  c  being  an  abbreviation  of  the  word  cen- 
times f  or  bundredths.  ^     ■ 

93.  The  remaining  table  of  Gay  Lussac,  the  i^rst  id  order  of  the 
series  as  published  by  him,  may  be  considered  an  ingenious  combi- 
nation of  the  Tables  VIII.  and  XII.  of  Tr^lles,  computed  for  every 
single  per  cent.,  and  substituting  in  place  of  the  densities  of  Tablk 
YIII.,  their  corresponding  volumes.  The  followfng  is  a  specimen 
of  it: 


Temp, 

91  c. 

92  c. 

93  c. 

94  c. 

96  c. 

IS'* 

91 
1000 

92 

1000 

93 
1000 

94   • 
1000 

•  95' 
1000 

16 

90.8 
999 

91.8 
999 

92.8 
999 

93.8 
999 

94.8 
999 

17 

90.6 
998 

91.6 

998 

92.6 

998 

93.6 

.   998 

94.6 
998 

IS 

90.2 

997 

91.3 
997 

92.3 

997 

93.3 
997 

94.3 
997 

19 

90 
996 

'  91.1 
9!#6 

92.1 
996 

93.1 
996 

94.1 
996 

ao 

89.7 

99;^ 

90.8 
996 

91.8 
995 

92.9 

995 

93.9 
995 

21 

89.6 
994 

90.6 
994  . 

91.6 
994 

92.6 
994 

93.7 
994 

22 

89.2 
993 

90.2 
993 

91.3 
993 

92.4 
993 

93.4 
993 

^ 
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The  first  horizontal  column  contains  the  obserred  indications  of 
the  hydrometer;  the  first  vertical  column,  the  observed  tempera- 
tare;  and  the  two  numbers  in  any  of  the  spaces  of  the  table  denote^ 
respectively,  the  per  cent,  and  the  volume  reduced  to  15**  C.  ,ThuS| 
for  example,  opposite  to  the  temperature  20^  and  beneath  the  indi- 
cation 92c,  we  have  the  two  numbers,  90.8  and  996;  of  which  the 
first  90.8  is  the  true  per  cent,  by  volume  or  strength  of  the  liquor 
at  15^,  and  996  the  number  of  gallons  at  that  temperature,  which 
would  expand  to  1000  if  heated  to  20^  cent.  The  product  of  these 
numbers  996  x  90.8  =?  90.346  is  the  richness  or  true  per  cent,  of 
alcohol  in  such  a  liquor,  which  would  %e  obtained  if  both  ,the 
strength  and  number  of  gallons  were  ascertained  at  15^  instead  of 
SO®,  centigrade.  It  is  in  this  manner  that  Gay  Lussac  computed 
kis  table  of  richness^  which  dispenses  with  calculations,  and  which 
has  been  discussed  in  the  preceding  section. 

94.  Experiments  ofGouvernain — To  render  this  report  compljete^ 
with  reference  to  researches  made  in  France,,  a  brief  account  of 
the  experiments  of  Gouvernain  should  be  given,  although  they. are 
of  inferior  accuracy.  The  results  were  published  in  1826,  at  Dijon, 
in  pamphlet  form;*  and  the  mixtures  were  made  by  volume,  at  the 
indicated  temperatures  both  for  the  alcohol  and  water.  The  fol- 
lowing table  contains  the  specific  gravities  obtained;  water  at  10^ 
Reaum.,  being  1000. 


Peret. 
of  al- 
cobol. 

0®. 

.5*>. 

I0«. 

150. 

20«. 

10 

• 
9S9.50 

988.25 

.  987.00 

985.76 

98^.50 

20 

979.60 

978.00 

976.50 

975.00 

*  973.50 

30 

971.76 

969.25 

966.75 

964.25 

961.76 

40 

960.00 

956.60 

953.00 

949.50 

946.00 

50 

943.00 

939.00 

935.00 

931.00 

927.00 

eo 

•  924.00 

919.00 

914.00 

909.00 

904.00 

70 

900»30 

895.15 

890.00 

884.85 

879.70 

8Q 

874.40 

869.20 

864.00 

858.80 

853.60 

90 

846.60 

841.25 

836.00 

830.75 

825.60 

100 

810.60 

805.30 

800.00 

794.7 

789.40 

RECENT  EXPERIMENTS  IN  ENGLAND. 

96.  Sy  Mr.  Fovmes. — In  the  Philosophical  Transactions  of  the 
Royal  Society  for  1847,  page  249,  there  is  a  paper  by  Mr.  Fownes, 
^' on  the  value  in  absolute  alcohol  of  spirits  of  different  sp'eoific 
l^ravities',^"  giving  the  results  of  a  aeries  of  experiments  arrankeil 
in  tabular  form. 

'''the  table,"  says  Mr.  Fo^nes,  ''was  formed  synthetically;  i^b- 
solute  alcahol  and  distilled  water  were  weighed  out  in  the  required 
proportions,  mixed  in  small  well  stopped  bottles  andwell  shaken  to - 

i  9   

*  FemMSo  BoUetla  imiT.  dM  fcieaees  mathematiqQOi^  t.  vii.  p.  147. 
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fetber.  After  standing  three  or  four  days  the  mixtures  yere 
rought  to  the  temperature  of  60^  Fahrenheit  exactly,  and  their 
specific  gravities  determined  with  great  care.  After  the  lapse  of 
two  or  three  days  more,  this  last  named  operation  was  repeated, 
but  IB  no  case  was  it  observed  that  any  further  contraction  had  oc- 
curred. Neither  was  the  specific  gravity  of  a  mixture  containing 
nearly  equal  parts  of  alcohol  and  water,  which  had  been  so  exam- 
ined, changed  by  being  inclosed  in  a  strong  accurately  stoppered 
bottle  and  heated  for  some  time  to  a  temperkture  above  its  boiling 
point." 

^4n  this  manner  each  number  in  tie  annexed  table  waa  obtained 
by  experiment.  When  completed,  this  table  was  examined  by  va- 
rious methods  to  test  its  accuracy ,'but  no  error  of  sufiicient  magni- 
tude to  limit  its  usefulness  was  detected." 

96.  ^^Tbe  absolute  alcohol  emplpyed  in  these  experiments  was 
prepared  in  the  following  manner:  the  strongest  rectified  spirits  was 
agitated  with  half  its  weight  of  carbonate  of  potash,  deprived  of 
water  of  crystalization,  and  then  left  in  qontact  with  the  salt  sopie 
days.  It  was  then  decanted  upon  half  its  weight  of  powdered 
quick  lime,  made  from  black  marble,  contained  in  a  knetal  still, 
which  could  be  perfectly  closed.  The  mixture  of  spirit  and  lime 
was  retained  in  a  w;irm  situation  for  a  week  or  thereabouts,  and 
then  distilled  by  means  of  a  water  bath.  By  this  treatment  the 
specific  gravity  of  the  alcohol  was  generally  reduced  to  0.796,  or 
even  below,  and  by  a  repetition  of  the  process  of  digestion  with 
powdered  lime  and  re-distillation,  the  last  traces  of  water  were  re- 
moved. In  this  manner,  without  difficulty,  the  very  considerable 
quantity  of  absolute  alcohol  required  for  the  experiments  was  pro-^ 
cured." 

'' Absolute  alcoliol  thus  obtained  has  the  specific  gravity  0.7938 
at  60^  Fahrenheit;  it  is  extremely  expansible  by  heat,  which  ren- 
ders the  determination  of  its  exact  specific  gravity  difficult  and 
troublesome,  when  the  temperature  of  the  room  is  either  above  or 
lelow  60^  Fahrenheit.  The  same  remark  applies  to  the  mixtures 
of  alcohol  and  water  extending  over  more  than  half  the  table,  the 
most  minute  precaution  regarding  temperature  being  necessary  to 
avoid  serious  errors.  In  a  glass  retort  containing  pieces  of  copper 
foil  absolute  alcohol  boils  at  177^  Fahrenheit,  the  barometer  being 
at  29.75  inches.  Lastly,  when  analjzed  by  combustion  with  oxide 
of  copper,  it  yields  numbers  representing  the  proportions  of  carbon 
and  hydrogen  present  so  closely  agreeing  with  those  required  by 
theory,  as  to  leave  no  doubt  of^ts  purity  and  freedom  frpiiL  all  ,ad-* 
mixture."       . 
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TABLE  XXin. 


Shovnng  the  proportion  by  weight  of  real  or  absolute  alcohol 
contained  in  100  partt  of  spirits  of  different  specific  gravi- 
ties^ at  the  temperature  of  60^  Fahrenheit. 


Peroent. 

8p,graY. 

Per  cent. 

Sp.  grav. 

Per  cent. 

Sp.  grav. 

Peroent. 

Sp.  grav. 

0.5 

0991 

26 

9638 

52 

,9135 

78 

8533 

2 

9965 

28 

9609 

54 

9090 

80 

8483 

4 

9930 

30 

9578 

66 

.  .9047  * 

82 

8424 

6 

9898 

32 

9544 

58 

9001 

84 

8382 

8 

9869 

34 

9511 

60* 

8956 

86  / 

8331 

10 

9841 

36 

9470 

62 

,   8908 

88 

8279 

12 

9815 

38 

9434 

64 

8863 

90 

8228 

14 

9789 

40 

9396 

66 

8816 

92 

8172 

16 

9766 

42 

9356 

68 

8769 

94 

8118 

'  18 

9741 

•44 

9314 

70 

8721 

96 

8061 

20 

^  9716 

46 

9270 

72 

8672 

98 

8001 

22 

♦  9691 

48 

9228 

74 

8625 

100 

7938 

24 

9665 

60 

9184 

76 

8581 

97.  It  should  be  observed  that  Mr.  Fownes  gives  us  no  informa- 
tion with  reference  to  the  accuracy  of  his  weighings,  and  the  re- 
dactions which  he  performed  to  abtain  the  data  of  bis  table  from 
the  observed  results.  We  are  thus  left  to  conjecture  whether  anj 
correction  was  applied  for  loss  o^  weight  by  atmospheric  buoy- 
ancy. 

A  still  greater  -oversighti  not  uncommon  with  English  chemists, 
has  been  committed  by  him  in  omitting  to  state  the  density  which 
he  assumes  as  unity;  whether  the  maximum  density  of  water,  or 
that  which  it  has  at  60^  Fahrenheit,  or  any  other  arbitrary 
temperature.  Also,  white  he  directs  attention  to  the  ^^  extreme 
expansibility  by  heat  of  alcoholic  liquids,  and  the  minute 
*  precautions  regarding  temperature  necessary  to  avoid  serious 
errors,"  he  Ulh  us  nothing  of  the  sensibility  and  accuracy  of  his 
thermometer,  or  of  the  man-lier  in  which,  he' succeeded  in  taking 
the  spepific  gravities  of  his  mixtures  at  ^Uhe  temperature  of  60^ 
Fahrenheit,  exactly.^^  These  omissions  greatly  impair  the  value 
of  his  paper;  fo^,  however  skillful  a  chemist  may  be,  he  cannot ' 
reasonably  substitute  the  authority  of  his  reputation  for  the  faith- 
ful and  detailed  narration  of  observed  facts,  without  detracting 
from  the  merit  of  his  work. 

'    98.  Siesearches  of  Mr.  Drinkwat^r. — ^These  are  still  more  recent 
than  those  of  Mr.  Fownes,  and  are  publtshed  in  the  London  and 
I  Edinburgh  Philosophical  Magazine,  for  February,  1848. 

Mr.  Drinkwater  says  of  his  experiments,  that  they  "were  un- 
dertaken, principally,  with  a  view  to  determine  the  relative  pro- 
portions of  anhydrous  alcohol  and  water  in  revenue  proof  spirit." 
Certainly,  we  need  no  further  commentary  on  the  uncertainty  and 
arbitrary  nature  of  the  British  system  than  that  which  is  fur- 
nished by  the  fact,  that  at  the  present  day  one  of  the  chemists  of 
that  country  should  find  it  necessary  to  perform  a  laborious  seri^ 


489  [50] 

of  experiments  to  determine  the  composition '  of  ^^proof  spirit," 
which  he  himself  informs  us  is  defined  by  act  of  parliament,  58 
George  III.,  c.  28,  to  be  ^^such  as  'shall,  at  the  temperature  of 
fifty-one  degrees,  by  Fahrenheit's  thermometer,  weigh  exactly 
twelve  thirteenth  parts  of  an  equal  measure  of  distilled  water;"  a 
defihition  which,  as  Mr.  Drinkwater  says,  is  incomplete,  because 
the  temperature  of  the  water  is  not  expressly  stated^  but  may  be 
inferred  to  be  fifty -one  degrees,  or  the  same  as  that  of  the  spirit. 
That  this  "proof  spirit"  is  perfectly  arbitrary  is  evident.  That 
out  of  the  country'Vhere  it  is  fixed  by  law,  and  adhered  to  by 
force  of  technical  routine  and  rigid  custom,  it  can  have  nointerest| 
and  still  less  any  value,  to  recommend  its  adoption,  will  be  suffi- 
cient reason  for  omitting  all  mention  here  of  what  Mr.  Drink- 
water  has  done  and  said  with  reference  to  it,  except. the  final  re- 
sult t<0  which  he  was  led,  that  British  "revenue  proof  spirit'L  is 
composed  of  49.24  per  cent,  by  weight*of  pure  alcohol,  and 
50.76  per  cent,  of  water,  and  has  a  specific  gravity  equal  to  0.91984 
at  60^  Fahrenheit;  that  of  water  at  the  same  temperature  being 
unity. 

99.  To  ascertain  by  synthesis  the  above  result,  Mr.  Drinkwater 
was  obliged  to  prepare  absolute  or  pure  alcohol,  and  for  that  pur- 
pose made  the  following  experiments: 

"Carbonate  of  potash  was  exposed  to  a  red  heat  to  deprive 
it  of  water,  and  when  sufficiently  cool  was  pulverized  and  added 
to  ordinary  s^lcohol  of  specific  gravity  0.850  at  60^  F.,  till  it 
ceased  to  dissolve  any  more;  the  whole  was  then  allowed  to  digest 
twenty- four  hours,  being  frequently  agijated,  and  the  alcohol  was 
carefully  poured  oflF." 

"As  much  freshly  burned  quicklime  as  was  considered  sufficient 
when  powdered  to  absorb  the  whole  of  the  alcohol  was  introduced 
into  a  retort,  and  the  alcohol  added  to  it.  After  digesting  forty- 
eight  hours,  it  was  slowly  distilled  in  a  water  bath  at  the  tempera- 
ture of  about  180^  Fahr."  ^ 

"The  alcohol  thus  obtained  was  carefully  redistilled,  and  its 
specific  gravity  at  60^  Fahr.  was  found  in  two  experiments  to  be 
•7946  and  .7947;  agreeing  very  nearly  with  the  determination  of 
Rudberg,  which  has  been  adopted  by  Oay  Lussac  and  others,  viz: 
.7947  at  59<^  F."» 

"It  may  be  proper  to  state,  that  the  specific  gravity' was  taken 
with  a  stoppered  bottle,  which  was  always  counterpoised  by  another 
empty  bottle  of  the  same  glass  and  form,  placed  in  the  opposite 
pan  of  the  balance;  the  capacity  of  the  weighing  bottle,  at  60^  F.^ 
was  exactly  1000.01  grains  of  distilled  water;  and  it  was  found  oa 
trial  that  this  bottle  could  be  repeatedly  filled  with  the  same 
liquid  with  no  greater  variation  than  one  or  two  hundredths  of  a 
grain." 

"The^  temperature  of  the  room  in  which  these  experiments  were 

*'-■■'■'  ■  ■-...■■■■■^  I 

*  This  taiertioa  ia  ia  0iTor.    (See  teotion  141.) 
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laade)  was  always  brovght  to  60°  F.;  and  the  thermometer  used 
was  a  standard  instrument  by  Newman,  and  extremely  s^nsitiye^ 
(being  graduated  to  one-tenth  of  a  degree)^  on  being  plunged  into 
the  weighing  bottle  filled  with  alcohol  it  displaced  about  4^  grains 
of  that  fluid;  this  portion  was  replaced  from  the  stock  quantity- 
(brought  at  the  tiihe  to  the  proper  temperature)  by  means  of  a 
pipette."  , 

",With  a  view,  however,  to  discover  whether  it  were  possible  by 
means  of  lime  to  abstract  any  more  water  from  the  alcohol,  the 
retort  was  again  filled  with  fresh-burned  and  pulverized  quicklime  , 
and  the  same  alcohol  mixed  with  it;  the  mixture  was  then  allowed 
to  digest  a  whole  week  at  the  ordinary  temperature  of  the  labora- 
tory, about  60*^  F.  After  this  time  the  alcohol  was  distilled  off  as 
before,  but  was  redistilled  very  slowly,  at  first  at  the  rate  of  about 
one  drop  in  ten  seconds,  (h^at  of  water  bath,  165^  !F.,)  t^is  was 
continued  till  about  one-twentieth  of  the  whole  had  distilled  over, 
the  object  being  to  allow  any  minute  quantity  of  water  which  the 
alcohol  might  still  retain  to  evaporate  or  diffuse  itself  into  the  at- 
mosphere of  absolute  alcohol  above  it;  the  redistillation  was  then 
continued  rapidly,  the  heat  of  the  bath  being  increased  to  180^  F. 
till  about  one  twentieth  more  had  passed  over;  the  receiver  was 
then  changed  and  the  remaining  part  slowly  distilled  off/' 

"The  specific  gravitj  of  this  alcohol  taken  twice  was  .7944  at 
60^  F.  As  a  further  test  oif  its  purity,  it  was  divided  into  two 
equal  parts;  one  part  was  again  digested  on  quicklime,  and  the 
other  on  sulphate  of  copper  deprived  of  water  by  heat,  the  method 
of  operation  being  as  follows :'* 

"  1.  Some  lumps  of  fresh-burned  quicklime  were  heated  to  a  red 
heat,  and  in  that  state  quickly  pulverized  and  introduced  into  the 
tin  boiler  of  a  small  still,  which  was  partly  immersed  in  water  to 
prevent  the  melting  of  the  solder.'' 

"  This  vessel  was  completely  filled  with  quicklime,  and  was  kept 
corked  till  sufficiently  cool,  when  th&  alcohol  was  added,  but  it 
being  comparatively  small  in  quantity  the  lime  appeared  perfectly 
dry;  the  vessel  was  then  securely  corked." 

2.  "A  quantity  of  sulphate  of  copper  was  exposed  to  a  red  heat 
till  completely  deprived  of  water;  it  was  then  quickly  pulverized 
and  introduced  into  a  small  tin  boiler,  and  when  cold  the  alcohol 
(which  was  insufficient  to  cover  it)  was  added,  and  the  vessel 
closely  corked." 

"These  vessels  with  their  contents  were  kept  at  the  ordinary 
temperature  of  the  laboratory,  about  (60^  Fahrenheit,)  for  foijir 
days;  they  were  then  partly  immersed  in  a  water-bath,  and  kept  at 
a  temperature  of  about  150^  Fahrenheit  for  fprty-eight  hours^  after 
which  the  alcohol  was  distilled  and  re-distilled  with  all  the  precaii- 
iions  before^mentioned;  the  temperature  of  the  water-bjath  on  the 
te-distillation  never  exceeded  172^  Fahrenheit^  and  the  first  tenth 
part  was  put  aside  in  each  case  as  possibly  impure." 

"The  specific  gravities  of  the  alcohol  thus  obtained  were  as 
wider: — 
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Alcohol  distilled  Irom  deaicoajt^  Akohol  distttled  from 

salphate  ofooppelr.  anicklime. 

1 79470  .79409 

II 79472  .79412 

'^From  these  experiments  it  would  appear  Ihat  sulpbate  of  cop- 
per, "whea  deprived  oiF  water,  is  not  so  effective  as  quicklime  in  re- 
moving tbe,  last  traces  of  water  from  alcohol. '^  ' 

'^It  was  observed,  however,  that  in  general  the  specific  gravity 
of  the  alcohol  gradually  increased,  probably  from  its  hygrometric 
property,  by  which  it  absorbed  a  minute  Quantity  of  moisture  from 
the  air  on  being  transferred  from  one  bottle  to  another;  and  thiiik«> 
ing,  consequently,  that  a  small  quantity  of  moisture  might  have 
'been  abstracted  from  the  atmosphere  during  the  distillation,  (which 
.i^as  conducted  in  the  usual  way,)  and  the  specific  gravity  thus 
slightly  increased,  I  considered  it  desirable  to  make  another  exper- 
iment, in  which  this  source  of  error  should  be  guarded  against,  by 
conducting  the  distillation  as  much  as  possible  out  of  contact  with 
the  externaT  air,  and  proceeded  as  follows:^' 

'^  The  different  portions  of  alcohol  before  obtained  were  mixed 
together,  when  the  specific  gr«^vity  was  /ound  to  be  .7947;  this 
alcohol  was  again  digested  at  a  temperature  of  about  150^  Fahren- 
heit foif  fourteen  days  with  quicklime,  previously  heated  to  redness, 
as  in  the  former  experiment;  it  was  then  slowly  distilled  out  of 
contact  With  the  external  atmosphere  by  means  of  a  tube  which 
passed  from  the  condenser  through  a  cors  into  the  bottle  in  which 
it  was  to  remain,  (the  temperature  of  the  water-bath  was  176°  Fah- 
renheit,^ and  the  first  tenth  part  was  put  aside  as  possibly  contain- 
ing a  minute  quantity  of  water;  the  remainder  was  then  distilled 
off  at  178^  to  180°  Fahrenheit." 

*^  This  alcohol  was  quickly  transferred  to  a  dry  retort  and  re- 
distilled in  a  similar  way,  (heat  of*  water-bath  172°  Fahrenheit ;) 
the  first  tenth  part  was  put  aside,  and  the  remainder  kept  as  being 
pure  anhydrous  alcohol,  or  as  free  from  water  as  it  is  possible, to 
obtltin  it  by  this  process.  The  specific  gravity  was  taken  the  next 
day  with  all  the  precautions  before  mentioned,  the  Alcohol  be^n^ 
also  kept,  during  the  time  of  transference,  as  much  as  possible  9ut 
of  contact  with  humid  air,  when  the  results  of  four  trials  were  as 
follows:" 

;     Temperature  of  the  room,  60°  F.;  Barometer,  29.810. 

*•      I 793836 

II 793806 

III ; 793798 

IV ...793804 


Mean 793811 

<<A   portion    of  this  alcohol  was  subsequently    digested  with 
quicklime  for  three  months;  it  was  then  distilled,  and  its  specific 
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gravity  was  found  to  be  exactly  tbe  same  as  before.  We  may, 
therefore,  conclude  with  considerable  certainty  that  the  number 
0.79381  expresses  the  specific  gtayity  of  absolute  alcohol  at  60^ 
Fahrenheit,  within  a  very  close  degree  of  approximation.'' 

100.  In  makpg  his  mixtures,  Mr.  Drinkwater  used  the  following 
process:  '^  Two  light  flasks  were  procured,  capable  of  containing 
each  2,200  grains  of  water.  The  alcohol  and  water  wer^  weighed 
separately  in  these  flasks  with  the  greatest  care;  after  which,  the 

'flasks  were  joined  without  mixing  Xhe  liquids — the  neck  of  one  be- 
ing ground  into  the  neck  of  the  other  for  that  purpose.  The 
liquids  were  then  thoroughly  mixed  by  transferring  them  alternate-^ 
ly  from  one  flask  to  the  other.  The  flasks  were  disconnected  whea 
the  mixed  contents  became  cool,  which  were  then  transferred  to  a 
clean  and  dry  well-stoppered  bottle,  and  further  secured  by  tying 
a-  piece  of  caoutchouc  over  the  stopper." 

"It  may  also  be  proper  to  mention  that,  when  phiced  in  the 
balance,  these  flasks  were  always  counterpoised  by  other  empty 
flasks  of  the  same  material,  and  of  very  nearly  equal  size  and 
shape;  and  to  prevent  loss  from  evaporation,  a  ground  e}^ss  cap 
was  placed  over  the  mouth  of  each  flask  as  soon  as  the  exact 
weight  was  obtained.  The  errors  of  observation  could  not,  I  Relieve, 
in  any  case  exceed  one  hundredth  of  a  grain,  as  the  balance  used  in 
these  experiments  was  one  of  Robinson's  best  instruments,  which 
was  previously  adjusted  by  Newman>  expressly  for  the  purpose;  it 
was  turned,  with  its  greatest  load,  by  less  than  one  hundredth  of  a 
grain."  x 

101.  Having  found  the  table  of  Lowitz,  which  is  frequently 
given  in.  English  chemical  works,  incorrect,  Mr.  Drinkwater  ^^con- 
sidered it  desirable  to  make  a  few  mixtures  of  pure  alcohol  and 
water,  from  which  to  calculate  a  more  correct  table  for  estimating 
the  quantity  cf  alcohol  in  mixtures  containing  not  more  than  ten 
per  cent,  of  that  liquid." 

^^  Eleven  mixtures  were,  therefore,  made,  containing  exactly 
^,  1,  2,  3,  4,  5,  6,  7,  8,  9  and  10  per  cent,  by  weight  of  absolute 
alcohol.  These  mixtures  were  made  in  the  same  apparatus,  and 
with  all  the  precautions  described  in  the  former  experiments.  They 
were  allowed  to  stand  at  least  twenty-four  hours,  with  occasional 
agitflftion,  before  the  specific  gravities  were  taken;  and  several  of 
them  were  taken  again  after  a  period  of  forty-eight  and  seventy- 
two  hours,  without  any  sensible  variation.  Tne  particulars  ar^Kt 
forth  in  the  following  table:  ' 
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TABLE  XXIY. 


. 

When  the  mixtoref  were  made. 

When  the  speoifio  gravities 

i 

• 

were  taken. 

Alcfriiol  and  water 

i. 

if. 
Ill 

1 

i. 

mixed. 

Qaantityoi 
oohol-Pe 
by  weight 

"1 

1^ 

Height  of 
mmeter  < 

Alcohol. 

Water. 

Gr$,         Qr$. 

1 

6.6  -1 

-  1094.6 

0.6 

«)*> 

29.700 

.99906 

60F. 

29.690 

2 

11.0  - 

.  1089.0 

1.0 

60 

29.700 

.99813 

60 

29.690 

3 

22.0- 

-  1078.0 

2.0 

60 

29.690 

.99629 

60 

29.500 

4 

33.0- 

-  1067.0 

3.0 

60 

29.718 

.99464 

60 

29.610 

6 

44.0  - 

-  1066.0 

4.0 

60 

29.690 

.99283 

60 

29.500. 
29.6IOV 

6 

65.0- 

u  1046.0 

6.0 

60 

29.718 

.99121 

60 

7 

66.0- 

-  1034.0 

6.0 

60 

29.742 

.98963 

60 

29.644 

8 

77.0  - 

-  1023.0 

7.0 

60 

29.742 

.98813 

60 

29.644 

9 

88.0  - 

-  1012.0 

8.0 

60 

29.670 

.98668 

60 

29.800 

10 

99.0  - 

f.  ;ooi.o  • 

9.0 

60 

29.670 

.98527 

60 

29.800 

.  11 

110.0  - 

-    990.0 

10.0 

60 

29.800 

.98389 

1 

60 

29.666 

From  the  above  data  the  following  table  has  been  calculated: 
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TABLE  XXV. 


Table  of  the  quantity  of  absolute  alcohol  by  weight  contained 
in  mixtures  of  alcohol  and  water  of  the  following  specie 
gravities: 


b 

i 

>*» 

i 

b 

i 

>» 

— : — ' 
0 

5^ 

i 

•5  . 

If 

1} 

1^ 

1- 

It 

1^ 

•1^ 

1! 

w* 

< 

w 

^ 

ca 

< 

CO 

^ 

OQ 

^ 

1.0000 

0.00 

.9967 

1.78, 

.9934 

3.67 

.990,1 

5.70 

.9869 

7.85 

.9999 

0.05 

.9966 

1.83 

.9933 

3.73 

.99W 

6.77 

.9868 

7.92 

.9998 

O.U 

.9965 

1.89 

.9932 

3.78 

.989^ 

5.83 

.9867 

7,99 

t   .9997 

0.16 

.9964 

1.94 

.9931 

3.84 

.98^ 

5.89 

.9866 

8.06 

.9996 

0.21 

.9963 

1.99 

.9930 

3.90 

.989r7 

5.96 

.9865 

8.13 

.9995 

0.26 

.9962 

2.05 

.9929 

3^96 

.9896 

6.02 

.9861 

8.20 

.9994 

0.32 

.9961 

2.11 

.9923 

4.02 

.9895 

6.09 

.9863 

8.27 

.9993 

0.37 

.9960 

2.17 

.9927 

4.08 

.9894 

6.16 

.9862 

8.34 

.9992 

0.42 

.9959 

2.22 

.9926 

4.14 

.9893 

6.22 

.9861 

8.41 

.9991 

0.47 

.  .9958 

2.2a 

.9925 

4.20 

.9892 

6.29 

.9860 

8.48 

.9990 

0.53 

.9967 

2.34 

.9924 

4.27 

.9891 

6.36 

.9869 

8.56 

.9989 

0.58 

.9956 

2.39 

.9923 

4.33 

/.9890 

6.42 

.9858 

8.62 

.9988 

0.64 

.9956 

2.45 

.9922 

4.39 

.9889 

6.49 

.9867 

8  70 

.9987 

0.69 

.9954 

2.61 

.9921 

4.45 

.9888 

6.65 

.9856 

8.77 

.9986 

0.74 

.995» 

2.57 

.9920 

4.51 

.9887 

6.62 

.9855 

8.84 

.9985 

0.80 

.9952 

2.62 

.9919 

4.67 

.9886 

6.69 

'  .9854 

8.91 

.9984 

0.85 

.9951 

2.68 

.9918 

4.64 

.9885 

6.75 

.9863 

8.98 

.9983 

0.91 

.9950 

2.74 

.9917 

4.70 

.9884 

6.82 

.9852 

9.05 

.9982 

0.96 

.9949 

2.79 

.9916 

4.76 

.9883 

6.89 

.9851 

9.12 

.9981 

1.02 

.9948 

2.85 

.9915 

4.82 

.9882 

6.95 

.9850 

9.20 

.9980 

1.07 

.9947 

2.91 

.9914 

4.88 

.9881 

7.02 

.9849 

9.27 

.9979 

1.J2 

.9946 

2.97 

.991^ 

4.94 

.9880 

7.09 

.9848 

9.34 

.9978 

1.18 

.9945 

3.02 

.9912 

5.01 

.9879 

7.16 

.9847 

9.41 

.9977 

1.23 

.9944 

3.0s 

.9911 

5.07 

.9878 

7.23 

.9846 

9.49 

.9976 

1.29 

.9943 

3.14 

.9910 

5.13 

.9877 

7.30 

.9846 

9.66 

.9975 

1.34 

.9942 

3.20 

.9909 

5.20 

.9876 

7.37 

.9844 

9.63 

.9974 

1.40 

.9941 

3.26 

.9908 

5.26 

.9875 

7.43 

.9843 

•9.70 

.9973 

1.45 

.9940 

3.32 

.9907 

5.32 

.9874 

7.50 

.9842 

9.78 

.9972 

1.51 

.9939 

3.37 

-.9906 

5.39 

.9873 

7.57 

.9841 

9.86 

.9971 

1.66 

.9938 

3.43 

.9905 

5.45 

.9872 

7.64 

.9840 

9.92 

.9970 

1.61 

.9937 

3.49 

.9904 

5.51 

.9871 

7.71 

.9839 

9.99 

.9969 

1.67 

.9936 

3.55 

.9903 

6.68 

.9870 

7.78 

.9838 

10.07 

.9968 

1.73 

.9935 

3.61 

.9902 

5.64 
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102.  I  hare  now  giyen  a  rery  full  and  complete  account  of  all 
the  researches  with  reference  to  the  specific  gravities  and  corres- 
ponding Aireogtbs  of  alcoholiq  liquors,  of  which  I  possess  any 
knowUdge.  Although  I  have  made  diligent  search  for  such  infor- 
mation, it  is  probable  that  similar  experiments  may  have  been  per- 
formedi  which  have  escaped  my  notice,  but  which  may  hereafter 
become  known  to, me;  if  so,  and  they  should  contain  anything  of 
importance,  r  will  communicate  it  in  a  future  or  supplementary 
report. 
9  I  shall  next  endeavor  to  show,  by  comparing  the  preceding  re- 
sults, to  what  extent  they  confirm  or  conflict  with  each  other;  in 
order  that  the  facts  which  they  establish  by  their  collective  evi- 
dence may  be  rendered  manifest;  and  that  any  series  of  data  which 
may  be  adopted  by  our  government  may  readily  be  seen  to  be  botl^ 
just  and  true,  if  in  accordance  with  such  cumulative  testimony  of 
different  and  skilful  observers.  * 

Verifiiatian    of   the  preceding   resultSy   by  comparison  with   each 

other. 

102^.  In  explanation  of  the  followlpg  table  of  comparison  be- 
tween the  results  of  the  last  series  of  experiments  of  Messrs.  Gil- 
pin anti  Blagden,  (see  Table  IV.,)  and  those  of  M.  Delezennes, 
(see  Table  XIX.,)  it  should  be  stated  that  the  following  calcula- 
tions were  made:  the  equivalent  per  cents,  by  weight  for  the  mix- 
tures of  Messrs.  Gilpin  and  Blagden  were  obtained,  as  well  as  that 
for  their  standard  alcohol  of  the  specific  gravity  0.825  at  60^,  the 
alcohol  of  Delezennes  being  taken  as  100  per  cent.,  or  absolute; 
this  gave  a  series  of  mixed  numbers  integral  and  fractional,  as 
those  for  the  first  column  of  Gilpin's  work.  The  corresponding 
specific  gravities,  taken  from  Table  IV.,  were  then  reduced  to  the 
scale  of  water  unity  at  0*^c.  or  32^  Fahrenheit,  instead  of  60^ 
Fahrenheit,  employing  Gilpin's  data  for  the  reduction,  which  were 
arranged  in  a  second  vertical  column.  In  this  manner  h  subsidiary 
table  ^as  formed,  from  whi,ch  the  specific  gravities,  given  as  those 
of  Gilpin,  were  obtained  by  means  of  a  rigid ^  formula  of  interpo- 
lation, account  being  taken  of  the  second  differences. 
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104.  It  will  be  seen  by  inspection  of  the  columns  pf  differcnceSi 
in  the  table  just  given,  that  the  greatest  discrepancy  amounts  to 
one-half  of  a  per  cent,  only,  which  happens  in  three^  instances; 
while  the  mean  difference  is  less  than  on^-fourth  of  a  per  cent. 
This  may  be  in  part,  if  not  wholly,  accounted  for  by  the  fact  that 
Deles^eidnes  used  alcohol  and  water  which  had  not  been  deprived 
of  air,  (see  82^  words  in  italic,)  but  the  difference  itself  is  in  every 
case,  excep^t  the  three  just  mentioned,  too. trifling  to  be  worthy  of 
•consideration  for  practical  purposes. 

109.  To  render  the  correspondence  of  the  two  sets  of  data  more 
evident,  and  any  errors  apparent,.!  caused  them  to  be  represented 
eaeh  by  a  curve.  The  two  curves,  (see  Plats  A,  herewith  sub- 
mitted,) indicate,  by  their  similarity  of  form,  the  general  actor- 
dance  of  the  fundamental  experiments;  while  the  irregularities,  of 
thftt  for  the  results  of  Delezennes,  which  occur  at  the  points  cor- 
responding to  the  three  cases  of  maximum  discrepancy,  clearly' 
prove  that  in  those  instances  Delezennes  is  in  error. 

106.  'Having  thus  shown  that  the  results  of  Delezennes  confirm 
those  of  Messrs.  Oilpin  and  Blagden  in  a  very  remarkable  manner, 
I  next  sought  to  verify  the  tables  ^f  Tralles.  For  this  purpose,  I 
caused  the  fundamental  data  in  table  YII.  to  be  deduced  from  those 
of  table  IV.;  the  requisite  numerical  calculations  were  made  by  my 
•friend  and  assistant,  Mr.  Reynolds,  who  had  also  performed  those  re- 
quired by  the  last  table.  The  following  comparative  table  gives 
the  result  of  this  verification  r 

TABLE   XXVII. 
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10 
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65 
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15 
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70 
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90 
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75 
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87650 

25 
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80 
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30 
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&5 
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84880 

35 

96^ 

95833 

90 

8332 

83316 

40 

9510 

95104 

95 

8157 

45 

9427 

94274 

100 

7939 
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9335 

93351 

... 

.... 

107.  Among  the  tables  of  results  in  the  preceding  chapter  those 
of  Tralles,  Gay  Lussac,  Gouverfpin,  and  Meissner,  are  all  which 
give  directly  the  per  cents,  by  volume  for  liquors  of  different  spe- 
cific gravities.  To  show  to  what  extent  they  correspond,  they 
were  all  reduced  to  the  common  temperature  of  60^  Fabrenheit| 
"      3J 
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and  to  the  same  scale  of  water  taken  as  unity  at  its  maximum  den- 
sity. 

In  this  manner  the  results  were  obtained  which  are  embodied  in 
the  first  of  two  following  tables,  maiked  table  XXYIIL;  as  the 
specific  gravities  of  Tralles  are  already  referred  to  the  tempera- 
ture 60^  Fahrenheit,  and  to  the  maximum  density  of  water  as  unity^ 
they  were  merely  copied  from  table  VII 

The  second  of  these  tables,  marked  table  XXIX.,  was  computed 
from  the  first  by  means  of  the  general  formula, 

giyen  in  my  former  report.*  It  shows  the  differences  which  would 
occur,  if  any  one  series  of  the  fundamental  data  in  the  first  table 
be  used  instead  of  another. 

By  comparing  the  second  column  of  table  XXIX.  with  that  of 
table  XI.,  it  appears  that  the  latter,  computed  by  Tralles,  is  cob- 
''firmed  by  these  calculations,  which  I  cauaed  to  be  made  by  two 
persbns  independently  to  obviate  errors.  Also,  it  is  evident  that 
while  the  results  of.  Tralles  and  Gay  Lussac  accord  very  closely, 
they  differ  considerably  from  those  of  Gouvernain  and  Meissner; 
which,  by  the  method  of  curves,  (see  plate  C,  herewith  submitted,) 
are  found  to  be  improbable,  and,  therefore,  not  to  be  depended 
upon  or  considered  worthy  of  particular  credit. 

TABLE  XXVIII. 
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.9336 
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.9640 
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20 
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15 
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10 
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....''1^ 
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5 
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.9923 

0 

.9991 

•  *  • . . 
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0 
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1 

108.  To  coirf|>lete  the  comparison  of  the  data  of  Trallea  and  Gay 
LussaCj  it  was  necessary  that  the  two  following  tables  should  be 
constructed:  one^  marked  table  XXX.,  showing  the  indications  of 
their  respective  hydrometers  at  dlflferent  temperatures;  and  the 
other,   marked   table  XXXI.,  giving   the    corresponding    specific 

Sravities.     Those  of  Tralles   have  been   taken  directly  from  table 
lII.,  bat  those  of  Gay   Lussac  were   computed   by  means  of  the 
general  formula, 

from  the  corresponding  data  of  the  table  in  section  ninety-three. 
It  is  not  to  be  presumed  that  the  numbers  of  Gay  Lussac  should  be 
correct  to  the  tenth  of  a  per  cent.,  any  more  than  those  of  Tralles, 
(see  section  sixty-seven;)  the  specific  gravities  which  I  have  de- 
duced from* his  results  may,  therefore,  vary  in  the  fourth,  and  some-' 
times  even  in  the  third,  place  of  decimals,  without  indicating  pro- 
bable errors.  If  this  be  borne  in  mind,  the  numbers  of  table 
XXXI.  will  appear  to  be  in  very  close  accordance;  and  the  re- 
searches of  these  two  philosophers  should,  therefore,  be  considered 
confirmatory  of  each  other.  Provided,  however,  that,<as  Berzelius 
asserts,  (see  section  eighty-nine,)  Gay  Lussac  based  his  tables  upon 
original  and  independent  data,  and  not  upon  those  of  Gilpin  and 
Biagden. 
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109.  It  is  evident  that  we  might  multiply  comparisons  of  the  nu- 
merous data  contained  in  the  preceding  chapter^  to  an  almost  inde- 
finite  extent.  As,  however,  a  sufficient  number  has  been  given  to 
show  that  the  results  of  Gilpin,  Delczenhes,  Tralles,  and  Gay  Lus- 
sac,  stronglv  confirm  each  other;  and  as  nothing  bat  a  little  arith- 
metic and  simple  algebra  is  requisite  to  make  similar  compaVisons 
of  the  weighings  of  Gilpin  and  Delezennes  with  those  of  Messrs.  ^ 
Fownes  and  Drinkwater,  I  shall  add  only  one  more  table. 

This  table,  marked  table  XXXII.,  is  designed  to  facilitate  the 
calculation  of  the  equivalent  per  cent,  by  volume,  at  60^  Fahr.,  for 
any  ffiven  per  cent,  by  weight,  and  vice  versa.  The  second  column 
was  deduced  from  table  YII.  of  Tralles,  by  means  of  a  simple  alge- 
braical formula,  expressing  the  ratio  of  the  volume  of  the  alcohol 
contained  by  any  spirituous  liquor  to  the  volume  of  the  liquor 
itself,  as  a  function  of  their  respective  densities  and  masses, 


D 

p  denoting  the  ratio  of  the  masses,  v  the  ratio  of  the  volumes,  and 
D  d  are  the  densities.  The  fourth  column  was  then  obtained  from 
the  second  by  interpolation. 

TABLE  XXXII. 

Comparison  of  the  per  cents,  by  weight  with  those 
by  volume^  at  60^  Fahr. 
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CHAPTER  II. 

VEW  KXPKRIMENT8  ON  THE  SPECIFIC  GRAVITIES  OF  ALCOHOLIC  LIQUORS. 

\i  110.  These  experiments  were  designed  to  attaiD  two  objects  :  Isti 
to  test  the  accuracy  of  the  work  and  statements  of  others;  and  2dl7^ 
to  enable  me  to  testify  of  personal  knowledge^  derived  from  care- 
fully observed  facts,  concerning  the  real  specific  gravities  of  mix* 
tores  of  alcohol  and  water,  in  various  proportions,  and  at  different 
temperatures;  so  that  I  should  become  tesponsible  for  the.  truth  of 
any  method  which  might  be  recommended  to,  and  adopted  by,  the 
government.  They  were  not  intended  to  furnish  results  more  exact 
than  any  heretofore  obtained,  nor  to  advance  general  science;  but 
simply  to  constitute  a  set  of  confirmatory  and  independent  inqui- 
ries, of  sufficient  accuracy  for  practical  or  revenue  purposes. 

It  is  very  desirable,  however,  that  a  much  more  extended  series 
of  similar  experiments  should  be  made,  with  far  superior  apparatus^ 
and  all  possible  care  and  skill,  which  would  form  the  basis  of  any 
system  subsequently  established  by  law,  and  be  referred  to  in  dis- 
puted oJtdoubtful  cases. 

111.  I  commenced  my  experimental  work  by  a  thorough  and  care- 
ful examination  of  the  apparatus  which  was  to  be  employed.  The 
fixed  points  and  graduation  of  the  thermometer  were  found  to  be 
correct,  or  at  least  apparently  exact;  and  with  reference  to  the  hy- 
drometers, it  was  ascertained  that  they  were  perfectly  tight,  so  that 
Doinfiltration  could  occur;  aod  also,  that  they  were  free  from  open 
joints  or  fissures  in  w^iich  bubbles  of  air  might  be  retained  by  capil- 
larity. This  was  done  by  immersing  them  entirely  in  freshly  dis- 
tilled water  for  several  days, ^during  which  they  were  repeatedly 
inspected. 

113.  I  had  three  excellent  and  complete  sets  of  weights;  one,  a 
standard  set  by  Mr.  Hassler,  which  extends  from  one  tenth  of  an 
onnce  to  ten  ounces  troy,  belonging  to  the  office  of  weights  and 
measures,  and  entrusted  to  me  for  these  researches;  and  two  similar 
sets,  copied  Jfrom  those  just  mentioned  by  Mr.  Duffey,  a  skilful 
philosopbicarinstrument  maker  of  Philadelphia.  These  weights  I 
compared  carefully  with  each  other,  and  with  those  used  in  the 
United 'States  mint  for  weighing  gold,  which  were  adjusted,  only  a 
few  days  before,  by  comparison  with  the  mint  pound,  which  is  by 
law  the  standard  unit  of  weight  of  the  United  States.  Only  one  of 
the  weights  by  Duffey,  which  had  also  suffered  from  accidental  inju- 
ry, was  found  to  be  appreciably  in  error;  it  was,  therefore,  dis- 
carded. 

A  series  of  decimal  fractional  weights,  from  0  50  to  0.00001  of 
the  troy  ounce,  adjusted  for  the  purpose  by  Mr.  Saxtoo,  in  the  of- 
fice of  weights  and   measures,  had   also  been  furaished  me.     Of 
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these,  Mr.  Duffey  made  two  copies  which  were  found  to  agree  witb 
each  other,  with  those  of  Mr.  Saxton,  and  with  similar  weights  of 
the  United  ^ates  mint.  This  'c,omparison  was  made  for  me  in  the 
assay  office  of  the  mint,  by  my  friend  and  colleague,  J.  R.  Eckfeldt^ 
esq.,  Assay er,  who  used  for  the  purpose  one  of  the  extremely  sensi- 
ble and  delicate  assay  balances  constructed  by  Mr.  Saxton  for  that 
office.'  ^ 

In  some  few  instances  I  also  made  use  of  several  British  troy 
pound  weights,  which  were  procured  in  1823  from  the  royal  mint 
of  England,  and  had  been  adjusted  to  the  standard  of  that  mint  for 
the  mint  of  the  United  States,  as  set  forth  in  ihe  official  certificate 
accompanying  them.  They  were  all  found  to  be  consridefably 
lighter  than  the  United  States  standard,  and  corrections  were  care- 
fully determined  to  reduce  them  to  that  standard,  .which  were  ap- 
plied whenever  they  were  used.  Some  of  these  weights  were 
slightly  worn,  but  others  were  in  perfect  preservation^  it  is,  there- 
fore, evident  that  the  standard  of  the  British  mint  is  lighter  than 
that  of  the  United  States,  the  difference  amounting,  according  to 
my  experiments,  to  about  0.001  ounce  troy  in  three  pounds,  or 
0.0003B  in  a  single  pound. 

113:  I  w^s  provided*  with  two  balances,  made  by  Duffey:  a  small 
aud  delicate  one,  designed  for  use  in  travelling,  and  wnich  was 
constructed  expressly  for  and  employ d  in  my  analyses  of  the  sugar 
cane  in  the  inland  of  Cuba;  and  a  larger  balance,  formerly  used  by 
me  for  making  the  definite  solutions  required  in  analyses  of  saccha- 
rine substances  by  circularly  polarized  light.  Both  of  these  instru- 
ments were  in  perfect  order.  The  small  one  is  susceptible  of  con- 
venient and  prompt  adjustment  by  screw  motions,  except  with  re- 
ference to  the  relative. vertical  positions  and  the  parallelism  of  its 
knife  edges;  these  ^re,  therefore,  examined  and  found  to  be  in- 
the  same  horizontal  plane  and  very  nearly  parallel;  so  that  weigh- 
ing with  this  balance  possesses  all  requisite  accuracy.  Its  chief  fauTt 
is  that  it  is  not  provided  with  suitable  mechanical  arrangements  for 
checking  its  oscillations,  so  that  much  time  and  patience  ia  needed 
in  using  it. 

The  large  balance  had  no  adjusting  screws,  all  its  parts  being 
rigidly  fastened  together.  It  was,  therefore,  subjected  to  a  strict 
and  carefql  examination,  particularly  with  reference  to  the  adjust- 
ment of  its  knife  edges.  This  was  done  by  bringiin  those  eietm 
into  close  contact  with  long  and  perfectly  straight  steel  rulers,  by 
which  means  their  directions  were  virtually  prolonged  several  feet} 
when  the  distancies  between  the  rulers  are  measured  at  different 
points,  any  want  of  parallelism  becomes  very  evident.  I  thus 
found  that  the  knife  ed^es  of  the  large  balance  were  not  parallel, 
either  vertically  or  horizontally;  of  course,  very  exact  weighings 
Cfiuli  not  be  made  with  it,  nor  could  confidence  be  placed  in  its- 
indications,  unless  Borda's  method  of  double  weighing  were  follow- 
ed. The  central  knife  edge  was^lso  slightly  below  the  horiz9ntal 
plane  in  which  the  knife  edges  of  the  scale  pans  were  situated^ 
the  sensibility   would,  therefore,  increase  with  the  load  until  the 
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Cfntre  of  gravity  should  lie  above  the  fulorum,  when  the  equilib- 
rium becomes  uuetabie  and  the^indieatious  may  be  false.  To  render 
my  experimeats  free  from  all  errors  due  to  the  defects  of  workman-^ 
ship  of  this  balance)  I  employed  Borda's  method  in  every  instance^ 
taking  great  pains  to  avoid  disturbing  the^positions  of  the  knife 
edges  when  the  body  was  removed  and  the  equivalent  weights  sub* 
stituted.  And  in  order  to  ascertain  whether  it^would  have  caused 
any  -difference,  if,  by  aocideatal  neglect  or  otherwise,  the  common 
method  of  weighing  Lad  been  followed,  instead  of  that  of  Borda^ 
the  cottttterpoises  were  always  formed  of  weights;  and  not  of  flub* 
slaaces  of  unknown  masses,  a«  is  often  done. 

Tikis  mode,  of  operating  possesses,  in  my  opinion,  great  advan- 
tages; it  facilitates  the  manipulations  by  pointing  out,  either 
exactly  or  very  nearly,  the  weights  to  be. substituted  fof  the  body; 
and*  it  renders  errors  much  less  probable,  by  causing  the  operator 
to  select  the  very  weights  which  bis  readtng  of  the  counterpoise 
weights  calls  for,  so  that  he  is  compelled  to  verify  his  observationn 
as  he  proceeds. 

Notwithstanding  the  want  of  parallelism  of  the  knife  edges  of 
Duffey's  balance,  I  did  not  find  that  it  produced  a  perceptible  dif- 
ference in  a  single  instance  whether  the  weighing  was  done 
directly  or  by  Borda's  method.  The  results  are,  therefore,  exaet 
to  the  full  extent  of  the  approximation  to  which  the  weighings  were 
carried;  or,  in  other  words,  they  are  not  in  error  to  the  extent  of 
0.001  ounce  troy,  in  any  instance. 

114.  For  making  standard  alcoholic  mixtures,  it  was  necessary 
that  I  should  use  considerable  quantities,  and  that  they 
should  be  as  free  as  possible,  not  only  from  actual  error,  but 
from  just  suspicion  ot  error.  I  therefore  abandoijed  Duffey's 
balance,  on  account  qf  the  above  mentioned  imperfections,  and 
^employed  one  by  Saxton,  belonging  to  the  United  States  mint, 
which  is  of  very  superior  workmanship,  and  entitled  to  eptire  con- 
fidence. So  excellent  was  this  balance,  that-it  was  altogether  un- 
necessary to  follow  Borda's  method;  and.,as  the  weights  oelonging 
to  it  had  been  adjusted  by  a  very  skilful  and  experienced  workman 
only  a  few  days  before,  I  merely  compared  some  of  them  with  each 
other,  and  with  those  of  Duffey  copied  from  the  weights  of  Mr. 
Hassler,  after  which  I  used  them  alone,  or  in  combination  with 
Duffey's  weights,  as  was  most  convenient.  The  greatest  possible 
inaccuracy  in  any  of  those  mixtures,  due  to  instrumental  errors, 
cannot,  I  think,  exceed  the  ten  thousandth  of  an  ounce,  or  the 
five  hundred  thousandth  of  its  own  weight. 

116.  Tt  is  due  to  Mr.  Duffey  that  I  should  here  state  that  the 
large  balance  to  which  reference  is  made  in  what  I  have  said  above, 
was  not  designed  for  other  than  comparatively  rough  determina*- 
tions.  It  was  a  cheap  instrument,  upon  which  he  had  expended 
but  little  time;  and  if  its  cost  be  taken  into  consideration,  as  Well 
as  its  performance,  I  may  confidently  assert  that  better  work  could 
not  be  done  by  any  one.  That  it  should  have  been  used  at  all,  for 
such  work  as  the  present,  is  ptobf  that  it  possesses  great  superiority 
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oyer  any  balances  of  lik^  cost  and  pretensions.  Nor  would  it  be 
just  to  compare  it  with  any  instrument,  made  either  in  this  countr  j 
or  in  Europe,  for  which. eyen  a  medium  price  may  have  been  paid; 
its  cost  haying  bectn,  in  fact,  but  little  more  than  that  usually  paid 
for  a  pair  of  ordinary  grocer^s  scales. 

116.  Preparation  of  pure  alcokoL — Pure  alcohol  and  pure  water 
were  both  needed  for  makinjg  the  standard  mixtures.  The  latter 
required  only  to  be  distilled  under  my  immediate  notice  and  with 
proper  care;  but  it  was  much  more  difficult  to  obtain  the  farmer  ia 
sufficient  quantity  than  I  anticipated.  Messrs.  Powers  and 
Weightman,  skilful  manufacturing  chemists  of  Philadephia,  under- 
took to  supply  me  with  alcohol  of  the  highest  degree  of  strength 
they  cotklcUprepare.  At  first,  they  were  unable  to  make  it  stronger 
than  97  per  cent.,  but  subsequently  they  succeeded  in  bringing  it  to 
the  strength  of  100  per  cent.,  indicated  by  the  alcoholometers  of 
Tralles  and  Gay  Lussac. 

117.  With  seyeral  gallons  of  97  per  cent,  alcohol,  furnished  by 
the  aboye  mentioned  gentlemen,  I  commenced  my  own  attempts  to 
depriye  it  entirely  of  water.  By  repeated  distillations  with  chlo- 
ride of  calcium,!  could  not  obtain  a  higher  degree  of  strength  than 
09  per  cent.,  though  eyery  precaution  was  taken  to  preyent  absorp- 
tion of  moisture  from  the  Air  and  apparatus;  I  therefore  abandoned 
that  reagent;  with  which  I  did  not  indeed  expect  better  success 
from  the  first,  because  Dumas  speaks  of  it  as  inefficient,  by  reason 
of  its  affinity  for  alcohol  being  nearly  as  great  as  that  which  it  has 
for  water.*  With  lime,  howeyer,  I  succeeded,  after  six  or  seyen 
distillations,  in  bringing  a  small  quantity  to  the  desired  indication 
of  100  per  cent.,  according  to  a  hydrometer  of  Tralles  made  by 
Greiner,  of  Berlin.  Haying  re-distilled  this  liquor  seyeral  times 
oyer  lime  without  perceptible  change  of  density,  I  considered  it  to 
be  as  strong  as  possible,  or  absolute;  and,  therefore,  desisted  from 
further  attempts  to  obtain  it  of  less  specific  grayity.  These  distil- 
lations were  all  conducted  with  care;  the  still  being  heated  gently 
by  means  of  a  water-bath;  and  'eyery  possible  means  being  taken 
to  use  perfectly  dry  apparatus,  and  to  preyent  the  moisture  of  the 
atmosphere  from  being  absorbed.  They  are  tedious,  and  consume 
much  time  by  reason  of  the  necessity  ^f  their  frequent  repetition; 
and  they  cannot  be  conducted  with  safety  in  glass  yessels,  because 
the  swelling  of  the  lime  as  it  slacks,  breaks  the  yessels.  In  this 
manner  I  lost  a  large  quantity  of  alcohol,  and  the  labour  of  nearly 
a  week,  which  had  been  expended  upon  it;  after  which  occurrencei 
all  my  distillations  were  carried  on  in  metallic  yessels. 

118.  Since  these  experiments  were  made,  those  of  Mr.  Drink- 
water,!  haye  become  known  to  me,  which  giye  for  absolute  alcohol 


*  Traite  do  Chini.  appliq.  aax  Arts,  t.  5,  p.  45S. 

t  See  teotion  98 ;  or  tbe  I«ottd.  and  £d.  rhil.  Mag.  for  Febmarji  1S48. 
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a  much  lower  specific  gravityi  as  the  result  of  attention  to  some 
slight  precaatioD8*which  have  heretofore  been  overlooked  by  eyery 
one  else.  I  therefore  respectfully  suggest  that  this  subject  be  re- 
served for  further  inyestigation. 

119.  I  did  not  take  the  specific  gravity  of  the  absolute  alcohol 
which  I  had  prepared;  for  the  reason  that,  about  the  same  time, 
Messrs.  Powers  and  Weightman  succeeded  in  making  a  similar 
article  in  large  quantity,  which  was  apparently  of  the  same  strength 
or  specific  gravity,  according  to  the  hydrometer  of  Tralles  above 
mentioned.  If  there  was  any  difference  between  them  it  was 
scarcely  appreciable,  and  in  favor  of  the  alcohol  made  by  them. 
As  I  needed  a  yery  considerable  quantity,  to  prepare  which  would 
have  cost  me  much  time  and  labor  with  such  apparatus  as  I  pos- 
sessed,!  considered  the  success  of  Messrs.  Powers  and  Weightman 
very  fortunate  for  me,  and  was  glad  to  adopt  their  alcohol  as  the 
standard  alcohol  of  my  subsequent  inyestigations,  in  preference  to 
that  which  I  had  myself  prepared. 

120.  Soth  my  own  alcohol  and  that  of  Messrs.  Powers  and 
Weightman  had  a  peculittr  and  unpleasant  taste  and  odor,  which 
was  readily  removed  by  filtration  throug/h  coarsely  divided  and 
freshly  calcined  animal  charcoal..  As  the  specific  gravity  of  the 
alcohol,  indicated  by  a  d«licate  hydrometer,  was  not  changed  in 
the  least  by  this  filtration,  the  temperature^  being  the  same',  I  con- 
cluded that  the  impurity  to  which  that  taste  and  smell  was  owing, 
whatever  it  might  be,  existed  in  it  in  such  small  quantity  as  to^pro- 
duce  no  sensible  effects  of  a  physical  nature,  and  that  it  might, 
therefore,  be  disregarded.  Although  •!  cannot  say,  with  any  cer- 
tainty, what  is  the  source  of  the  disagreeable  flavor  of  alcohol  thus 
concentrated,  a  flavor  resembling  somewhat  that  of  cyanogen^  I 
have  but  little  doubt  that  it  is  to  be  attributed  to  reactions  between 
the  lime  and  vegetable  oils  which  exist  in  small  quantity  in  all 
spirituous  liquors. 

121.  Preparation  of  standard  mixtures. — Having  ]^rocured  alco- 
hol of  such  strength  and  purity  that  for  all  ordinary  practical 
purpos;es  it  might  be  considered  absolute,  I  proceeded  to  make 
with  it,  and  with  freshly  distilled  water,  two  sets  of  mixtures,  one 
constituting  a  series  varying  successively  by  ten  per  cent.  0,  10,  20, 
30,  etc.,  of  which  pure  water  and  pure  alcohol  are  the  extremes, 
and  the  other  giving  the  intermedite  proportions  5,  15,  25,  35,  etc.|~ 
per  cent,  by  weight  of  alcohol;  the  weighings  being!  made,  as 
above  mentioned,  (114,)  with  the  balance  and  weights  used  for 
weighing  gold' in  the  United  States  mint,  and  with  extreme  care. 

122.  Each  mixture  was  made  in  the  same  conterpoised  bottle, 
which  was  rinsed  out  with  distilled  water,  several*  times,  before 
each  operation;  in  order  to  remove  all  traces  of  the  liquor  which 
had  been  in  it  before.  When  the  counterpoise  to  the  bottle  was  pre- 
pared,  the  latter  was  as  dry  as  it  was  possible  to  make  it  by  wip- 
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ing  and  by  beat|  both  externally  and  internally.  Before 
the  mixturesinto  the  bottles  intended  for  theiP)  they  were  wel 
^shaken  for  several  minutes^  in  different  directions,  to  insure  incor- 
poration and  homogeneity,  and  the  bottles  were  well  rinsed  with 
two  or  three  successive  portions  of*  the  liquors  they  were  to  con- 
tain beforie  the«e  were  put  into  them;  the  portions  used  for  rins- 
ing being  first  poured  out  and  thrown  away. 

123.  The  following  table,  marked  Table  XX]S^III.y  comprises  the 
data  for  the  first  series  pf'  mixtures,  10  to  90  per  cent,  inclusive f 

.TABLE  XXXIII. 


Apparent 
percent, 
of  alco- 
hol. 

Apparent  weights 
in  OE. 

Reduced  weights. 

Redocedper 
oeot.  of  al- 
cohol. 

Aloehol. 

Water. 

Alcohol. 

Waters 

10 

20 

30    ^ 

40 

50 

60 

70 

80 

90 

5 
-      10 
15 
20 
24 
27 
28 
34 
36 

45 
40 
35 
30 
24 
18 
12 
8.5 
•      4 

5.00690 
10.01380 
16.02070 
30.02760 
24.03312 
27.03726 
2^.03864 
34.04692 
36.04968 

45.04770 
40.04240 
35.03710 
30.03180 
24.02544 
18.01903 
12.01272 
8.60901 
4.00424 

10.6028 
20.0052 
30.0067 
40.0077 
50.0080 
60.0076 
70.0066 
80.0051 
90.0038 

124.  The  mean  observed  temperature  of  the^room^  at  the  time  of 
making  the  above  mixtures,  was  very  nearly  20^  centigrade.  I 
W8S  not  provided  with,  a  good  barometer,  and  did  not,  therefore, 
observe  the  atmospheric  pressure.  In  the  reductions  it  is' assumed 
to  have  been  29. 85. inches;  a  mean  value  obtained  from  the  obser- 
vi^tioDS  made  at  similar  periods  of  the  year  and  day  at  the  magnetic 
observatory  of  the  Girard  collegfe;  and  which  is  probably  very 
nearly  the  pressure  which  would  have  been  observed  at  the  time 
and  in  the  mint.  Moreover,  a  correction  for  the  barometer  was 
unimportant,  because  the  error  which  would  haVe  been  caused  by 
neglecting  it  entirely,  or  by  using  the  normal  pressure  29.93  inches, 
would  have  produced  no  material  di£ference  in  the  results.  Indeed, 
it  is  evident,  from  the  last  column  of  the  preceding  table,  that  for 
all  practical  or  scientific  purposes  we  may  substitute  the  apparent 
for  the  reduced  per  cent,  of  any  of  these  mixtures;  the  maximum 
difference  ))eing  only  0.008,  or  nearly  one  hundredth  of  a  per  cent., 
a  quantity  which  is  beyond  the  power  of  measurement  of  the  most 
exact  chemical  analysis. 

125.  The  specific  gravity  of  one  of  the  brass  weights  was  found 
to  be  8.466,  apjparently;  which  value  was  employed  in  the  xeduc- 
tion^,  water  being  taken  as  unity  at  the  same  temperature,  and 
alcohol  assumed  to  be  0  8.  To  have  u^ed  more. exact  values  would 
hfive  rendered  the  calculations  more  laborious,  without  compensa- 
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ting  advantages  or  increased  accuracy;  the  probable  errors  of  the 
weighings  being  much  greater  than  the  differences,  which  may,  in- 
deed, be  considered  as  infinitesimal,  and,  therefore,  be  rejected  in 
the  reductions. 

126.  Immediately  before  making  the  mixtures  of  Table  XXXIII. , 
the  specific  gravity  of  the  alcohol  to  be  used  for  them  (some  of 
that  made  by  Messrs.  Powers  and  Weightman)  was  determined  by, 
means  of  a  large  brass  hydrometer,  and  found  to  be  as  follows: 


Apparent. 

Rfdamd. 

At  U'>.6  C. 

o.^eesss 

0.796121 

14<».4 

0.796640 

0.796182 

14  .4 

0.796655 

0.796196 

150.0 

0.796102 

0.795618 

water  being  taken  annuity  at  its  maximum  density,  or  at  the  tempe* 
rature  4^2  c^ntig.;  and  the  reduced  specific  gravities  differing  fk'om 
the  apparent,  by  reason  of  the  correction  for  the  dilatation  of  the 
brass  of  which  the  hydrometer  was  made.  The  normal  volume  being 
assumed  to  be  that  which  it  would  have  at  4^.2,  or  when  floating 
in  water  of  maximum  density,  and  the  coefficient  of  linear  dilata* 
tiou)  0.000018782,  obtained  by  MM.  Lavoisier  and  Laplace,  being 
adoptecf.  In  the  same  alcohol,  at  the  temperature  14^.4  cent.,  the 
alcoholometer  of  Tralles,  by  Oreiner)  indicated  99^||)er  cent.  by< 
volume;  its  attached  thermometer  of  correction  reading  —  05,  or 
giving  for  the  strength,  at  60°'Tahrenheit,  99.8  per  cent,  by  volume. 

127.  In  weighing  both  the  water  and  the  alcohol,  the  desired 
quantity  was  first  calculated,  and  the  required  weights  were  put  into 
one  of  the  scale  pans  with  the  counterpoise  of  the  bottle.  Into  the 
other,  the  bottle  and  a  two  ounce  weight  were  places!;  the  liquid 
was  then  poured  freely  into  the  bottle,  through  a  funnel,  until  that 
side  of  the  balance  sunk.  The  two  ounce  weight  being  removed, 
the  remainder  to  l>e  added  was  introltuced  by  means  of  a  pipette, 
with  great  care,  and  towards  the  clpse,  by  single  drops.  If  the 
last  drop  was  slightly  excessive,  the  exact  weight  was  obtained 
by  ab»oibing  very  small  portionjs  wi'.h  a  capillary  tube  of  glass.  In 
this  manner,  the  equilibrtum  was  rendered  perfect,  and  all  errors 
avoided  which  would  sensibly  affect  the  balance;  these  weighings 
are,  therefore,  as  exa<^  as  the  workmanship  of  the  balance  and 
weights,  which  was,  as  I  have  already  mejitioned,  very  superior, 
(§  114,)  could  give. 

128.  The  quantities  of  the  mixtures  of  Table  XXXIU.  being 
greater  than  were  needed,  the  following  mixtures  were  made  from 
them;  compounding  (hem  in  the  proporrions  indicated,  and  with 
the  view  ol  making  a  series  containing  5, 15,  25,  35,  etc.,  per  cent., 
for  its  successive  terms. 
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Ooocet.     -  Per  oeat.  Oimees.        Per  cent.  Onocet.       Per  oeat 

15        of        10        with        15        of       0*        »=  30        of       5 


r.5 

20 

7.5 

7 

30 

7 

6 

40 

6 

6 

50 

6 

5 

60 

5 

6 

80 

tC   1 

6 

30   =  15 

It 

25 

40   ==  14 

ii 

,  35 

50   »  12 

u 

45 

eq^  :r=  12 
70^  =  10' 

(t 

55 

(t 

65 

90   =12 

u 

85 

This  series  was  not  designed  to  constitute  one  of  standard  mix- 
tures, but  merely  a  link  of  comparison  and  verification  between 
the  two  sets  of  .standard  mixtures  referred  to  in  section  121,  and 
of  which  the  first  is  given  in  Table  XXXIII.;  tj^e  second  being 
comprised  in  Table  aXXIY.  below.  To  distinguish  tiiem  I  shall 
call  them  secondary  mixtures.  They  were  made  with  Duffey's 
large  balance,  instead  of  the  mint  balaoce  by  Saxton,  used  for  the 
standard  mixtures;  and  are,  therefore,  not  as  exact,  though  the 
probable  error  cannot,  I  believe,  exceed  0  001  oz.  apparent  weight, 
or  0.0001  apparejit  per  cent.,  in  any  instance. 

129.  The  second  series  of  standard  mixtures  were  made  on  a 
subsequent  day,  at  the  same  hour,  and  in  precisely  the  same  man- 
ner as  the  first.  The  building  being  heated  by  a  furnace,  and  kept 
at  a  uniform  temperature  from  day  to  day,  the  observed  mean  tem- 
perature was  very  nearly  20^  C,  on  both  occasions.  Hence  the 
coefficients  |f  reduction  did.  not  vary  for  the  two  series. 

The  precise  alcohol  used  for  compounding  the  first  mixtures  be- 
ing exhausted  by  them,  some  furnisted  in  a  separate  vessel  by  the 
manufacturers,  at  the  same  time  and  as  the  same  article,  had  to  be 
used  for  the  second  series  of  mixtures.  And  to  avoid  the  possi- 
bility of  error,  which  would  arise  if  these  two  alcohols  were  not 
the  same,  the  specific  gravity  of  the  second  was  taken  as  that  of 
the  first  had  been,  (section  125,)  with  the  same  hydrometer,  and 
with  the  following  result:  * 

At  15.^4  cent,  apparent  specific  gravity  0.795903;  which  gives 
for  the  reduced  specific  gravity  0.795401. 

The  same  liquor  gave  on  tito'  other  occasions  at  the 

Temp.  16.^9  C.  apparent  specific  grav.  .794556,  or  reduced  .793987 
"       17.°9     '         "  «  .793692  «  .793079 


Correction  for  1^  cent 000864  .000908 

If  we  apply  similar  corrections  to  the  specific  gravities  of  this 
alcohol  obtained  at  15.^4  cent.,  in  order  to  reduce  them  to  14.^4 
cent.,  the  temperature  at  which  two  of  the  determinations  of  the 
density  ot  the  first  alcohol  we:e  experimentally  made,  we  have, 

At  14.^4  cent.,  the  apparent  specific  gravity....  0.796767 
««  the  reduced    '  "  ,...0.796309; 
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which  differ  by  unity  in  the  fourth  place  of  decimals,  from  the  den- 
sitieS)  (section  125,)  obtained  for  the  first  parcel  of  alcohol  at  the 
same  temperature.  It  is  not  improbable  that  this  difference  is 
owing  to  absorption  of  aqueous  vapor  from  the  atmosphere,  which 
had  occurred  during:  the  interval;  and  which  can  scarcely  be  pre- 
vented, hoTrever  tightly  the  containing  vessel  may  be  stopped. 

The  following  table  embraces  the  observed   and   reduced  result» 
for  this  second  series  of  standard  mixtures : 

TABLE  XXXIT. 


Apparent 

Apparent  weight 

Reduced 

▼eights. 

Redaoed  per 

percent. 

in  oances. 

ceit. 

of   aloo- 
hoi. 

• 

Aloohol. 

Water. 

Alcohol.' 

Water. 

5 

2.5 

47.5 

2.50345  * 

47.55035 

5.0018 

15 

7.6    , 

42.5 

7.51035 

42.54505 

15.0041 

25 

12.5 

37.5 

12.51725 

37.53975 

25.0060' 

•35 

17.5 

32.5 

17.52415 

32.53445 

35.0072 

45 

22.5 

27.5 

22.53105 

27.52915 

45.0078 

55       - 

22.0. 

18.0 

22.03036 

18.01908 

55.0079 

65 

26.0 

14.0 

26.03588 

14.01484 

65.0073 

75 

30.0 

10.0 

30.04140 

10.01060 

75.0060 

85 

34.0 

6.0 

34.04692 

6.00630 

85.0041 

Ko  mixture^  corresponding  to  95  per  cent,  was  made,  because  the 
supply  of  alcohol  w^s  insufficient;  its  preparation  was,  consequently, 
deferred. 

In  commerce,  spirit  of  96  per  cent,  is  very  seldom  met  with;  and, 
for  practical  purposes,  the  above  table  may,  therefore,  be  consid* 
ered  almost  complete. 

130.  Having  prepared  the  preceding  mixtures  with  all  possible 
accuracy  and  care,  I  proceeded  to  determine  their  specific  graviti^  :i 
by  means  of  a  hydrometer  of  Fahrenheit,  made  of  brass.  With  the 
exception  of  its  stem,  which  was  of  steel,  that  it  might  combine 
strength  with  minimum  volume.  The  apparent  weight  of  the  whole 
instrument  at  18.^8  cent.,  with  a'barometric  pressure  of  39.9  inche»# 
nearly,  taken  with  the  mint  balance,  was  4.711  ounces  troy.  .That 
of  its  dish,  and  the  portion  of  the  stem  above  the  index  pointy 
0.252,  very  nearly.  To  sink  it  in  water  it  17.**9  cent.,  the  weip:ht 
required  was  1  3153  ounces;  and   from  these   data  I  obtain  4.7177 

as  the  absolute  or  reduced  weight  of  the  instrument.  \ 

131.  With  freshly  distilhd  water,  this  hydr( meter  gave  the  fol- 
lowing results  : 
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Weight  re- 
quired to  be 
added. 

Total  rc- 
daced  weight 

Tempera- 
ture. ■' 

Apparent 
spcinc  gra- 
vity. 

cific  gravity 

1.3153 
1.3140 
1.3143 

6.0328 
6.0315 
6.9318 

17?9  C. 

19.4 

19.9 

0.999366 
0.999151 
0.099201 

.  0.998589 
0.998296 
0.998318 

In  the  reduced  specific  gravities,  both  the  valume  of  the  instru- 
ment is  assumed  to  he  that  which  it  would  have  at  4^.  2  o«»tigrade| 
and  corrections  are.applied  for  atmospheric  buoyancy  exerted  upon 
the  stem,  the  dish,  and  the  added  weights.  The  unit  of  densitj 
being  assumed^  to  be  that  of  -"water  at  its  maximum  density.  .And, 
generally^  in  these  investigations^  it  is  to  be  understood,  whenever 
it  is  not  expressly  stated,  that  similar  reductions  are  made,  and  the 
same  unit  of  density  employed.  The  coefficient  for  the  dilatation 
of  brass,  of  MM.  Lavoisier  and  Laplace,  end  the  table  of  Des- 
pretz,*  for  the  expansion  of  water,  being  used  when*  necessary  to 
make  the  reductions  for  which  they  are  intended.      ^ 

132.  With  the  first  series  of  standard  mixtures,  the. following 
observed  weights  and  reduced  values  were  obtained  : 


Pereent. 

Weight 

Total  re. 

Temp,  of 

Apparent  spe- 
ciQo  gravity. 

Reduced  spe- 

Teap.oT 

added. 

daoed  weight. 

the  spirit. 

oific  gravity. 

theTooa. 

10 

1.2195 

5.9370 

0  c. 
17.4 

0.983496 

0.982T52 

0  C. 

18.8 

20 

1.1427 

5.8602 

17.3 

0.970774 

0.970030 

18.8 

30 

1.0572 

5.7747 

17.6 

0.956611 

0.955888 

18.5 

40 

0.9471 

5.6646 

17.7 

0.938372 

0.937657 

18.5 

50 

0.8206 

5.5381 

18.5 

0.917416 

0.916675 

18.7 

60 

0.6330 

5.4006 

18.0 

0.894639 

0.893940 

18.7 

70 

0.5423 

5.2599 

18.0 

0.871331 

0.870666 

18.5 

80 

0.3970 

5.1146 

18.1 

0.847262 

0.846596 

18.6 

^lOUt 

0.2437 

5.9613 

18.3 

0. 821867 

0.821242 

18.5 

0.0737 

4.7914 

18.4 

0.793722 

0.793082 

18.6 

It  should  be  observed  that  the  reduced  weights  are  corrected  for 
atmospheric  buo)ancy.  The  only  difference  between  the  apparent 
and  the  true  or  reduced  specific  gravities  is,  therefore/ that  in  the 
latter  the  volume  of  the  hydrometer  is  reduced  to  that  which  it  would 
haire  at  4^.  2  cent.,  according  to  the  coefficient  of  MM.  Lavoisier 
and  Laplace. 

133.  With  the  same  mixtures,  on  a  subsequent  day,  the  follow- 
ing results  were  found  : 


*  Ano.  de  Cfaim.  e|  de  Pbys.  t.  70,  p.  1. 

t  This  aloohol  is  probably  slightly  diflerent  from  that  used  for  the  mixtores. 
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Per  cent. 

Weight 

Temp. 

Redaced 

Apparent  tpe- 
omo  fjrravity. 

Redaoed  spe- 

added. 

Ceotig. 

weight. 

cific  gravity. 

10 

1.2030 

28<'.4 

6.9205 

0.980763 

0.9794^26 

no 

1.1146 

28.96 

6.^321 

0.966120 
0.949454 

0.964766 

80 

1.0140 

29.7    ' 

6.7315 

0.948aS8  . 

40 

0.»94'5 

30.1 

6.6121 

0.92«676 

0.92^18 

W 

•     0.7(130 

80.2 

5.4Sn6 

0.907892 

0.906574 

60^ 

0.«3«7 

-      27.7 

5.3543 

0.886969 

0.885792 

70 

0.4975 

27.3 

6.2151 

0.883910 

0.862791 

80 

0.3504 

27.6 

5.O6S0 

0.839542 

0.83S440 

90 

0. 19ff5 

26.8 

4.9171 

0.814544 

0.813525 

100 

0.0297 

27.1 

4.7474 

0.786433 

0.785399 

100 

0.0323 

26.7 

4.7500 

0.786863 

0.785849 

134.  Similarly,  the  second  series  of  standard  mixtures  gave: 


Perocnt. 

Weight 

Temp. 

Reduced 

Apparent  spe- 

Redaced spe- 

added. 

Centig. 

weight. 

cific  gravity. 

cific  gravity. 

6 

1.2K15 

19M 

5.9790 

0.99(^54 

0.9S9623 

15 

1.1774 

18.9 

6.8949 

0.976523 

0.975711 

25 

1.0987 

18.9 

5.8P.2 

0.963485 

0.962685 

35 

0.9:^95 

19.1 

5.7170  • 

0.947053 

0.946254 

45 

0.8790 

19.1 

5  5965 

0.927091 

0.926368 

55 

0.7462 

19.2 

5.4638 

0.905108 

0.904347 

6^ 

0.60*^5 

19.2 

5.3261 

0.8*^22:^7 

0.881532 

75 

0.4657 

19.2 

6. 1833 

0.858612 

0.857914 

85 

0.3177 

19.3 

5.0353 

0.834125 

0.833419 

135.  Id  taking  the  specific  gravities  given  ab.ove,  all  disturbing 
influences  were  cautiously  guarded  against — such  as  currents  of  air, 
change  of  temperature  either  of  the  room  or  apparatus^  contact 
-with  the  vessel,  &c.  In  observing  the  temperatures,  great  care 
-was  taken  to  ascertain  whether  the  liquid  was  homogeneous,  and 
to  allow  the  thtirmometer  to  attain  its  temperature  of  equilibrium| 
as  well  as  to  remove  it  before  any  change  could  have  occurred  by 
reason  of  external  ;ction.  If  time  had  permitted  it,  the^number  of 
observed  results  would  have  been  much  extended.  As  observations 
could  only  be  made  when  the  mean  temperature  of  the  room  ancl 
the  liquid  was  stationary'^,  it  would  have  required  a  year  to  obtain 
the  specific  gravities  corresponding  to  the  successive  degrees  of  the 
thermometer,  which  interv<»ne  between  the  extrems  of  summer  and 
winter-temperature,  in  a  climate  so  changeable  as  that  of  any  city 
of  the  United  States. 

136.  To  render  it  evident  to  what  degree  of  approximation  the 
preceding  data  agree  with  those  of  M.  Delezennes,  (see  §  82,)  I 
nave  arranged  the  following  comparative  table: 

33 
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Per 

8p.  gravity. 

Sp.  gravity. 
McCuUoh, 

Differ- 

Diff.of 

Variation 

Variatioii 

cent. 

Delezennes, 

ence. 

per  cent. 

for  1®  C. 

for  1«  C, 

at  18®  cent. 

at  18*>  cent. 

DeUzeanes. 

MoCallok. 

6 

0.98970 

1  0.98981 

0.00011 

0.076 

0.000169 

10 

0.98249 

.    0.9*257 

.00008 

0.061 

0.000228 

6!666302 

.15 

0.97575 

0.97599 

.00024 

0.191 

0.000320 

20 

0.96962 

0.96971 

.00009 

0.069 

0.000420 

6!666i52 

25 

.   0.96300 

0.96316 

.00016 

0.106 

0.000525 

30 

0.95576 

0.95563 

.00013 

0.075 

0.000606 

6!666653 

35 

0.94670 

0.94700 

.00030 

0.167 

0.000676 

40 

0.93769 

0.93743 

.00026 

0.127 

0.000740 

6!666763 

45 

0.82721 

0.92719 

.00002 

0.0P9 

0.000748 

60 

0.91670 

0.91711 

.00041 

0.175 

0.000774 

6!66o863 

56 

0.90593 

0.90539 

.00054 

0.236 

0.000867 

60 

0.89463 

0.89394 

.00069 

0.302 

0.000769 

6!666775 

65 

0.88327 

0.88263 

» 00074 

0.312 

0.000841 

70 

0.87169 

0.87067 

".00102 

0.435 

0.000849 

6!666^47 

76 

0.85963 

0.86395 

.00068 

0.276 

0.000864 

80  * 

0.84823 

0.84661 

.00162 

0.645 

0.000871 

6!666886 

66 

0.83650 

0.83405 

.00145 

0.578 

0.000871 

90 

0.82299 

0.82152 

.00147 

0.522 

0.000871 

6!66o908 

100 

0.79529 

0.79336 

.00194 

0.688 

0.000882 

0.000908 

137.  From  this  table  it  is  evident  that  there  is  a  very  close  cor- 
respondence between  the  results  of  M.  Delezennes  (§  82)  and  my 
own.  The  difierences,  which  are  at  first  trifling,  gradually  increase 
to  the  last,  as  they  sliould  have  done,  by  reason  of  the  inferior 
strength  of  the  alcohol  he  employed.  As  he  used  chloride  of  cal- 
cium instead  of  lime,  (§  74,)  there  can  be  no  doubt  that  the  alcohol 
he  considered  absolute,  was  but  little  if  any  over  99  per  cent., 
(^  1175)  it  is,  moreover,  of  greater  depsity  than  either  of  the  values 

fiven  for  absolute  alcohol  by  Lowitz,  Meissner,  Gay  Lussac, 
ownes,  Drinkwater,  and  others,  and  must,  therefore,  be  considered 
of  lower  quality.  Assuming  that  the  last  result  of  the  preceding 
table  is  exact,  or  that  the  difference  between  my  alcohol  and  that 
of  Delezennes  amounted  to  0.7  per  cent,  by  weight  nearly,  "the 
data  fufnished  by  his  experiments  become  practically  identical,  or 
differ  inappreciably,  from  mine,  when  the  requisite  corrections  are 
applied. 

1  138.  I  have  selected  the  experiments  of  Delezennes  in  preference 
to  those  of  others  for  this  comparison,  because  it  has  already  been 
shown  in  the  preceding  chapter  that  they  accord  very  closely  with, 
and  therefore,  confirm  those  of  Gilpin  and  Blagden,  (section  103,) 
and  because  the  comparison  could  also  be  much  mjore  readily  made 
with  them  than  with  the  latter  directly. 

139.  The  differences  between  all  three  of  these  sets  of  experi- 
ments, when  the  reductions  are  performed,  which  are  requisite  for 
their  reference  to  a  single  scale  and  to  like  circumstances,  do  not 
exceed  a  small  fraction  of  a  per  cent.,  0.2  or  0.3,  except  in  a  few 
particular  cases,  (section  104),  which  are  such  that  the  errors  can 
readily  be  perceived  and  corrected.  ' 
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140.  We  may^  therefore,  consider  it  impostihle  that  any  system 
^f  determining  the  strength  of  liquors  for  revenue  or  scientific  pur^ 
posesy  which  may  be  based  upon  these  independent  and  confirmatory 
results^  obtained  at  different  times^  in  different  countries^  and  from 
alcohol  derived  from  different  substances^  can  be  in  error  to  a  con^ 
siderabUf  or  even  appreciable  extent;  if  that  system  be  not  arbitra- 
rily or  improperly  devised. 

And  we  may  confidently  recommend  them  to  the  government,  as 
entitled  to  implicit  confidence,  both  in  reference  to  ordinary  casesy 
and  to  such  as  may  give  rise  to  disputes  and  litigation. 

The   necessarily  limited   number  of  my  experiments  renders  it^  | 

however,  desirable  that  this  work  should  be  extended;  and  that 
every  minute  cause  of  error  should  be  investigated,  and,  if  possible, 
overcome  in  whatever  researches  .may  hereafter  be  made  on  this 
subject,  trifling  though  such  errors  may  seem.  For  that  any  sci- 
entific work,  which  may  become  the  basis  of  operations  arbitrarily 
established  by  law,  may  possess  the  only  title  which  it  can  have  to 
public  confidence,  it  must  be  rigidly  true. 

141.  The  two  last  vertical  columns  of  the  preceding  table  shows 
how  very  important  it  is  in  these  experiments  to  pay  strict  atten-  . 
lion  to  temperature.     For  since  a  change  amounting  to  a  single 
degree  of  the  centigrade   thermometer   produf*.es  a  corresponding 
change  of  0.0009  nearly,  we  must  observe  tenths  of  a  degree  with    , 
accuracy,  if  we  would  avgid  serious  errors. 

This  fact  caused  me  to  consider  it  even  of  more  importance  to 
measure  the  temperature  with  accuracy  and  minute  care,  than  to 
carry  the  weighings  to  the  extreme^limit  of  sensibility  of  the  most  * 
delicate  balance;  and  I  am  confident  tha(  such  inaccuracies  as  ex- 
ist in  the  results  of  Messrs.  Gilpin  and  Blagden  are  to  be  attributed 
rather  to  thermomejtric  errors,  than  to  any  which  might  be  sup- 
posed to  have  occurred  in  their  weighings."^ 

142.  To  render  my  own  results  as  free  as  possible  from  errors  of 
temperature,  the  following  precautions  were,  in  every  case,  strictly 
observed  : 

The  mixtures,  the  hydrometer,  the  thermometer,  and  the  glass 
vessel  in  which  the  specific  gravities  were  taken,  were  all  allowed 
to  remain  together  in  the  same  room  for  twenty- four  hours.  If  the 
ifveather  was  very  cold  or  damp,  a  small  fire  was  kindled  in  the 
room,  which  was  allowed  to  burn  out  without  replenishment.  The 
whole  room,  and  every  object  in  it,  were  thus  brought  as  near  as 
possible  to  a  common  temperature.  Nor  were  windows,  doors,  &c., 
allowed  to  be  opened,  except  for  going  in  or  out  of  the  room,  and 
that'  as  seldom  as  possible. 

When  the  specific  gravities  •were  taken,  the  temperature  of  the 
mixture  was  rendered  uniform  by  shakiag  it  well  before  pouring 
it  from  its  bottle,  and  all  air  bubbles  thus  produced,  or  which  were 
caiised  by  pouring  the  liquid  from  the  bottle  were  allowed  to  rise; 
to  the  surface  and  break,  before  the  hydrometer  was  immersed. 

JBefore  removing  the  hydrometer  from  the  liquid,  and  as  soon  as 
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its  proper  load  was  ascertained,  tbe  thermometer  w<8  inserted — ^at 
first  to  .the  depth  of  a  few  inches  only ,  and  afterwards  more  and  mor« 
until  it  nearly  reached,  but  did  not  touch  the  bottom  of  the  containing 
Tessel;  carefully  keeping  it,  also,  from  contact  with  the  side.  In 
this  manner  it  was  easily  perceiyed  whether  or  not  the  tempera- 
ture of  the  mass  of  the  liquid,  or  *of  its  successiye  horrizontal 
strata,  was  uniform.  If  any  difference  was  observed,  the  hydrome- 
ter and  thermometer  were  removed,  and  promptly  wiped  as  dry  aa 
possible,  after  which  they  were  allowed  to  rest  until  they  should  . 
acquire  the  mean  temperature  of  the  room,  and  the  observation  was 
commenced  anew  after  shaking  the  liquid  thoroughly,  in  the  vessel 
containing  it — the  top  being  covered  either  with  a  ground  glass 
plate,  or  with  a  piece  of  sheet  caoutchouc,  protected  from  the  band 
by  a  towel. 

In  all  tbe  manipulations,  care  was  taken  to  avoid  contact 
between  the  naked  hand,  or  any  thing  which  could  affect  the  tem- 
perature; the  bottles,  the  containing  glass  vessel,  the  thermometer, 
and  the  hydfometer,  being  handled  as  little  as  possible,  and  always 
with  interposed  cotton  towels. 

When  the  hydrometer  and  thermometer  were  removed,  and  the 
liquid  restored  to  its  bottle,  great  care  was  taken  to  avoid  such 
errors,  as  would  certainly  have  arisen,  if  wet  surfaces  were  exposed 
to  the  cooling  influence  of  evaporation.  For  this  purpose,  they 
were  taken  successively  from  the  liquid,  and  quickly  wiped  with 
two  towels;  and  the  glass  vessel  was  similarly  treated  as  soon  as 
the  liquid  was  poured  from  it;  time  being  a!so  allowed  for  the 
restoration  of  these  instruments  to  the  mean  temperature,  to  avoid 
the  possibility  of  error.  *  * 

143.  The  thermomcfter  employed  was  an  exceedingly  beautiful 
and  delicate  standard  instrument,  made  by  Or«iner  of  Berlin,  and 
which  I  had  imported  from  Germany  for  these  researches.  It  i» 
divided,  according  to  the  centigrade  scale,  into  degrees  and  fifths 
of  a  degretf;  the  fifth  of  a  degree  occupies  the  space  of  about  one 
twentieth  of  an  inch.  The  tenth  of  a  degree  can,  therefore,  be 
observed  with  accuracy.  It  is  scarcely  necessary  that  I  should  say, 
that  in  the  construction  of  this  instrument  irregularities  of  the  tube 
were  carefully  attended  to.  The  graduated  scale  is  of  glass:  no 
errors  can,  therefore,  occur  from  unequal  expansion  of  the  tube 
and  scale.  Before  commencing  my  experiments,  and  or;ce,  also, 
during  them,  I  verified  the  zero  points  of  this  instrument  and 
another  by  the  same  artist,  by  immersing  them  in  melting  ice. 
They  also  agreed  in  their  indications  with  each  other,  and  with  a 
French  thermometer  of  my  own,  at  higher  temperatures.  But  I 
did  not  verify  the  boiling  point  of  either;  which  should,  perhaps, 
be  done  if  the  results  of  these  experiments  are  considered  worthy 
of  any  credit,  beyond  that  which  they  were  intended  to  derive 
from  comparison  with,  and  confirmation  of,  the  work  of  others*  ^ 

144.  As  a  check,  though  probably  a  comparatively  rough  one^ 
vpon  tlie  preceding  experiments)  the  following  specific  grarities 
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are  taken  with  DufFey's  large  balance,  by  weighing  a  bottle  filled 
successively  with  pr>rtions  of  the  first  series^  of  standard  mixtureS| 
(see  §  123)  table  XXXIII.,)  and  the  sttondary  mixtures  of  §  128; 
the  weighings  were  made  both  by  Bofda's  method  and  in  the  ordi- 
nary way  without  causing  perceptible  differences.  The  mean  tem- 
perature of  the  room  was  IS^tcent.  nearly;  and  the  weight  of  the 
bottle,  when  dry  and  empty;  was  8.975  ounces.  Also,  it  weighed^ 
when  full  of  water,  at  17^.5  cent.,  17.124  ounces  troy. 


Per 

Observed 

weight  of  bot- 

Temperatare. 

Redaced 
vei^rht  of 

A^ppareot  ape- 

Redaced  spe- 
cific gravitj. 

oenc. 

cine  gravity. 

tle  and  liqaid. 

Before. 

After 

liquid. 

5 

17.052 

18«.l 

18^.6 

8.06576 

99996 

9S96I 

10 

16.993 

18.1 

18.5 

8.02677 

98274 

98242 

20 

16.838 

18.1 

18.3 

7.«ii79 

96938 

96965 

25 

1§.834 

17.9 

18.1 

7.86779 

96327 

96296 

30 

16.775 

17.8 

18.0 

7.8i»880 

95605 

95575 

35 

16.703 

17.9 

18.0 

7.736S1 

94724 

94794 

40 

16.625 

J7.7 

17.7 

7.658H2 

93769 

93739 

45 

16.541  , 

17.8 

17.8 

7.57484 

92741 

92719 

60 

16.456 

17.4 

17.5 

7.489S5 

91700 

91670    < 

55 

16.364 

^7.8 

17.9 

7.39786 

90574 

90544 

60 

16.272 

17.7 

17.7 

7.30587 

89447 

89J28 

70 

16.031 

17.7 

17.8 

7.11490 

87108 

87080 

80 

15.8S5 

17.7 

17.7 

6.91893 

84710 

84682 

90 

15.678 

17.7 

17.7 

6.71196 

82176 

82149 

The  bottle  in  which  these  weighings  were  made  was  one  import- 
ed from  Germany,  and  of  crown  glass;  in  the  reductions,  I  have 
employed  for  its  coefficient  of  cubic  dilatation  0.000027,  nearly  the 
mean  of  the  data  of  MM.  Lavoisier  and  Laplace. 

145.  The  following  weighings  were  made  in  the  same  manner, 
and  with  DuflTey's  balance,  in  a  bottle  of  American  flint  glass,  (spe- 
cific gravity  3.1947,)  which  weighed  alone  17.075  ounces  troy,  at 
the  temperature  16^.3,  being  that  of  the  room  at  the  time  of  the 
weighings: 


Per 

Observed 
weight  of  bot- 

Temperatare. 

.     Redaced 
wei^bt  of 

\pparent  spe- 
oifio  gravity. 

Reduced  spe- 
cific gravity. 

oeiit. 

tle  aai  liquid 

Before. 

After. 

liquid. 

0 

47.000 

15^.3  c. 

15^.4 

29.9574 

1.09009 

.99980 

10 

46.521 

15.2 

15.3 

29.4785 

93410 

9S382 

20 

46. 154 

15.1 

15.2 

29.1111 

97185 

97157 

30 

45.751 

15.0 

15.0 

2^.7036 

958:}9 

95312 

40 

45.217 

15.0 

15.0 

28.1746 

94057 

940:i0 

50 

44.5S7 

15.1 

15.2 

27.5147 

91743 

81717 

60 

43.923 

14.9 

15.0 

26.8803 

89733 

89712 

70 

43.230 

14.7 

14.8 

26.18S0 

87224 

871»9 

80 

42.509 

15.0 

14.8 

25.4670 

85118 

84994 

90 

41.753 

14.9 

15.9 

24.7111 

82495 

82472 
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In  the  reductions  of  the  last  column  I  have  used  the  coefficient 
0.000026,  for  the  dilatation  of  the  glass  bottle,  corresponding  to  1^ 
centigrade,  which  is  nearly  the  mean  of  the  results  obtained  bj 
various  observers,  as  will  appear  from  the  following  determina- 
tions:    . 

f 

Lavoisier  and  Laplace,  French  flint  glass 1.00087199' 

"                    "          English  **  "      1.00081166 

Smeaton,                               **  "  " 1,00083333 

General  Roy,  (a  tube,)      "  "  <«      100077550 

«          «   (a  solid  rod,)"  "  "      1.00080833 

Dulong  and  Petit,          French  '<  "      1.00086133 

Dcspretz,                               «  "  "      1.00086000 

Magnus,                           (Jerman  «*'    "      100085156 

Regnault,  (a  tube,)         French  "  "      1.00088266 

<<         (a  globe,)            ",  "  •"      1.00086400 

Mean • 1.00084534 


These  numbers  being  the  lengths  which  a  piece  of  glass  would 
have  at  the  boiling  point  of  wuter,  if  its  length  at  O^.C,  or  the 
freezing  point,  be  assumed  as  unity,  the  mean  value  gives 
0.00002636  for  the  coefficient  of  cubic  dilatation. 


146.  To  ascertain  the  specific  gravities  at  different  temperatures 
of  the  several  specimens  of  absolute  alcohol,  furnished  by  Messrs. 
Powers  and  Weightman  at  successive  times,  and  used  by  me  ia 
these  experiments,  a  large  brass  hydrometer,  having  a  bulb  about 
five  inches  in  diameter  and  seven  inches  *in  length,  with  a  stem, 
about  one-tenth  of  an  inch  square,  was  employed.  The  object  in 
using  so  large  an  instrument  being  rather  to  diminish  the  effect  of 
slight  and  temporary  causes  of  disturbance  of  temperature,  &c.^ 
than  to  obtain  more  exact  weighings.  Indeed,  for  the  latter  pur- 
pose, a  smaller  hydrometer  is  probably  to  be  preferred. 

Whenever  this  instrument  ^as  used,  the  temperatures  of  succes- 
sive horizontal  stata  of  the  liquor  were  carefully  observed,  and  if 
they  were  found  to  differ,  even  a  tenth  of  a  degree,  the  whole- 
mass  was  rendered  uniform  by  repeatedly  inverting  the  vessel  with 
a  rapid  twitching  motion,  by  which  means  perfect  mixture  was 
obtained.^  The  same  precautions  with  reference  to  temperature^ 
which  were  observed  with  the  small  hydrometer,  were  also  fol- 
lowed with  this. 


147.  With  specimen  No.  1,  this  large  hydrometer  gave; 
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Added 
weight. 

Temperatare. 

Redaoed 
weight. 

Apparent 
sp.  gravity. 

Reduced 
sp.  gravity. 

Alcohol. 

Room. 

0.831 
0.839 
0.827 
0.822 
0.7945 

io!7  c: 

10.6 
11.05 
U.3 
12.2 

io!3 

10.2 
11.5 

i;.6 

12.2 

28.2136 
28.2216 
28.2096 
28.2046 
28.1771 

799788 
800013 
799673 
799631 
798762 

799494 
799725 
799364 
799212 
798392 

In    the    same  alcohol,  the  alcoholometer  of  Tralles  by  Oriener, 
indicated: 


Temp.' 
1(P.7  Cent. 
11  .3      " 
129.2      « 


Per  Cent,  by  Vol. 

99.0         • 

99.0 

99.0 


Correction. 
Attached  Therm. 


—  2^ 

— 1^6 

—  1  .25 


R. 


Each  degree  and  a  half  of  the  correction  thermometer  being 
equivalent  to  one  per  cent  by  weight;  hence  the  indicated  strength 
was  about  99.7  per  cent,  by  volume  for  this  specimen. 

148.  With  specimen  No.  2y  and  the  same  instrumental  obtained: 


Temperature. 

Weight 
added. 

Redaeed 
weight. 

Apparent 
sp.  gravity. 

Reduced 
sp.  gravity. 

Alcohol. 

Room. 

0.776 

12!8 

13!6 

2S.1581 

798213 

797826 

0.557 

20.6  (?) 

21.0 

27.9396 

792020 

791288 

0.7395 

13.9 

13.1 

28.1221 

797J93 

796758 

0.5005 

22.2     • 

21.3 

27.8831 

790418 

789617 

0.701 

15.0 

14.1 

28.0836 

796102 

79561S 

0.718 

14.5 

14.1 

28.J006 

796583 

796121 

0.720 

14.4 

14.1 

28.1026 

796640 

796182 

0.7205 

14.4 

14.1 

28.1031 

?9§655 

796196 

From  this  alcohol,  specimen  No.  2,  the  first  series  of  standard 
mixtures,  table  XXXIII,  §  123,  were  made.  With  it  Tralles's 
alcoholometer  indicated:  . 


Temp, 

20^.6     C. 
14   -95 
14   .4 


Per  cent, 
by  volume. 

100.5 
9915 
99.33 


Thermometer 
of  correction. 

+  1°.4 

—  0  .25 

—  0  .5 


It    was 
nearly 


t,   therefore,  of  an   indicated    strength  of  99.6  per    cent.^ 
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149.  Similarly,  another  sample  of  the  same  atcohoT,  from  a  dif- 
ferent vessel,  gave: 


Tempc 

ratare. 

Weight 
added. 

Reduced 

weight. 

Apparent 
sp.  gravity. 

Redoeed 
sp.  gravity. 

Alcohol. 

Room. 

0.701 

15?2 

14fl 

28.0836 

796102 

795609 

0.705 

14.9 

14.1 

28.0876 

796215 

795734 

0.712 

14.75 

14.1 

28.0946 

796414 

795941 

0.715 

14.7 

14.1 

28.0976 

79H499 

796(128 

0.521 

21.3 

21.0 

27.9036 

790999 

790237 

0.711 

14.5 

14.5 

28.0936 

796J85 

795923 

0.671 

16.0 

16.3 

2S.0536 

795251 

79472i 

0.M65 

16.9 

17.0 

2S.0291 

79-1506 

7939^7 

0.616 

17.9 

18.7 

27.9986 

793692 

793- '79 

0.618 

17.8 

18.0 

28.0006 

793749 

793141 

0.694 

15.4 

1515 

28.0766 

795903 

795401 

The  second  series  of  standard  mixtures,  table  XXXIV.,  §  129, 
were  made  from  this  alcohol,  and  the  last  result  wad  taken  just 
before  using  it  for  that  purpose. 

150.  A  quantity  of  alcohol,  of  which  the  indicated  strength  wag 
95  per  cent,  by  volume,  according  to  Tralles's  alcoholometer  by 
Greiner,  gave  the  following  data,  which  serve  to  compaie  the 
dilatation  of  such  liquor  with  that  of  absolute  alcohol: 


Added 

Temp,  of 

Redaced 

Apparent  spe- 

Redaced spe- 

weight. 

alcohol. ' 

.  weight. 

cific  gravity. 

cific  gravity. 

1.320 

17^7 

28.7025 

0.813614 

0.812995 

1.4^9 

12.7 

28.8:n5 

.817271 

.816^80 

1.615 

6.8 

2S.9974 

821974 

821854 

1.687 

4.1 

29.0694 

824015 

824020 

1.730 

2.1 

29.1124 

825234 

825332 

1.685 

4.2 

29.0674 

823958 

82395S 

1.688 

4.1 

29.0704 

824043 

824048 

1.6215 

6.6 

29.0039 

822158 

822047 

1.6275 

6.05 

29.0099 

822328 

822242 

1.614 

6.^ 

28.9964 

821945 

621»2» 

1.630 

6.15 

29.0124 

822399 

822309 

1.214 

20.7 

2i.5925 

810496 

809742 

Allhough  the  temperature  of  tlie  room  was  not  recorded,  it  was 
in  every  instance  observed,  and  found  not  to  diflfer  materially  from 
that  of  the  alpohol. 

ISI'^  To  determine  the  specific  gravities  of  the  preceding  experi- 
ments,  from  the  observed  weighings  and  temperatures,  it*  was  ne- 
cessary to  know  the  true  or  absolute  weights  af  the  hydrome- 
ters, and  the  weights  which  were  required  to  sink  them  respecttvelj 
in  water  at  its  maximum  density. 
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The  manner  in  which  this  was  done  for  the  large  brass  hydrome- 
ter was  as  follows:  it  was  first  weighed,  with  great  care,  upon  the 
mint  balance,  and  found  to  be  apparently  27  3415  ounces  troy,  the 
temperature  being  20^  cent.,  and  thegrobable  height  of  the  baro- 
meter 29.9  inches  nearly.  To  the  observed  or  apparent  weight  we 
must  add,  in  order  to  reduce  it  to  the  trite  weight,  the  weight  of 
the  air  displaced  by  the  hydrometer,  minu^  that  of  the  air  displaced 
by  the  weights  in  the  opposite  side  of  the  balance. 

The  weight  of  the  air  displaced  by  the  hydrometer  itself  was  de- 
termined in  the  following  manner:  as  the  mean  of  six  independent 
experiments,  it  appeared  that  at  4^  6  cent.,  the  weight  to  be  added 
to  sink  the  hydrometer  to  its  index  point,  amounted  to  7.8954 
ounces  troy.  Adding  this  to  the  observed  weight  of  the  instru- 
ment, we  have  35  2369  ounces  troy,  for  the  apparent  weight  of  the 
dispUoed  water.  For  the  correction  to  be  applied,  in  consequence 
of  atmospheric  buoyancy  exerted  upon  the  stem,  the  dish  and  the 
added  weights,  the  weight  of  the  dish  and  that  portion  of  the  stem 
.above  the  water  was  ascertained  to  be  0.75  ounces;  adding  this  to 
the  number  7.8954,  we  get  8.6454  as  the  quantity  of  brass  exposed 
to  the  atmosphere.  As  the  specific  gravity  of  the  metal,  8.472,  is 
.not  very  different  from  this  number,  we  may,  without  appreciable 
error,  regard  their  quotient,  or  the  volume^  as  unity  nearly^  espe- 
cially as  it  is  to  be  multiplied  by  the  small  factor  0.0013,  the  ratio 
of  the  density  of  air  to  that  of  water.  Hence,  we  have  0.0013  as 
the  correction  for  atmospheric  buoyancy,  and  35.2356  as  the  cor- 
rected apparent  weight  of  the  displaced  water.  Multiplying  this 
number  by  0  0013,  we  have  0.04580628  for  the  weight  of  air  at  0^ 
cent.,  equal  in  volume  to  the  displaced  water.  To  this  we  must  add 
0.000975,  the  weif^ht  of  air  displaced  by  the  stem  and  dish;  and' 
from  it  we  must  subtract  0.004199,  the  weight  of  the  volume  of  air 
at  zero  displaced  by  the  weights  in  the  opposite  scale  pan  of  the 
balance;  and  we  thus  obtain  0.042582,  which  we  must  divide  by 
the  co-efficient  1.0734  of  atmos{)heric  dilatation  to  reduce  it  to  the 
observed  temperature  20°  cent.  This  gives  .the  value  0.03967  for 
the  final  result,  or  correction  to  be  added  to  the  observed  apparent 
weight,  27  3415,  we  have,  therefore,  for  the  reduced  or  absolute 
weight  of  the  instrument  27.3812  ounces  troy. 

152.  In  precisely  the  same  manner,  the  reduced  weight  of  the 
small  brass  hydrometer  was  obtained  from  the  observed  weight, 
4.711  oz.,  at  18^.8,  cent.,  and  found  to  be  equal  to  4.7177  oz  troy. 
The  data  of  sections  130,  131,  and  coeflScients  of  Despretz  for  the 
expansion  of  water,  and  of  Lavoisier  and  Laplace  for  that  of  brasS| 
being  employed  in  the  reduction  required  to  obtain  the  weight  of 
the  instrument,  and  also  that  of  itself  and  load,  6.0366  oz.  troy, 
required  to  sink  it  to  the  index  point  in  water  of  maximum  density; 
By  which  number,  therefore,  all  the  weighings  with  this  hydrometer 
are  divided  to  obtain  the  corresponding  specific  gravities;  propel 
corrections  being  first  applied  to  them  for  atmospheric  buoy* 
ancy^  &c. 

Alsoi  similar  calculations  were  made  for  a  large  glass  hydrome* 
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ter,  described  below,  (section  155,)  by  means  of  the  data  there 

?;iYen.     The  details  of  these  calculations  need  not  be  enumerated^ 
or  they  will    present   no  difficulty  to  any  one  who  sh^ll  reflect  a 
little  upon  them. 

» 

153.  With  the  yiew  of  multiplying  observations  as  much  as  pos- 
sible for  water,  especially  at  temperatures  near  to  that  of  its  max- 
imum density,  and  of  determining  the  coefficients  of  cubic  dilatation 
for  the  large  brass  hydrometer,  and  one  of  similar  size  of  flint  glass, 
two  sets  of  observations  were  made^  the  results  of  which  are  con- 
tained in  the  two  following  tables. 

My  reason  for  endeavoring  to  make  as  many  observations  as  I 
could,  at  the  temperature  of  maximum  density,  or  rather  at  tem- 
peratures differing  as  little  as  possible  from  that  degree,  and  also 
for  refexj*ing  the  volumes  of  the  hydrometers  to  the  same  tempera- 
ture, was  to  ascertain,  as  exactly  as  practicable,  the  probable  errors 
to  which  this  method  of  taking  specific  gravities  must  be  considered 
liable.  If  the  volume  of  the  hydrometer  had  been  referred  to  the 
normal  temperature  of  0^  cent.,  or  32^  Fahrenheit,  the  corrections 
for  dilatation  would  have  been  multiplied  by  larger  factors,  and 
their  errors  magnified. 

TABLE  XXXV. 

Densities  of  watery  taken  with  the  large  brass  hydrometer. 


No.  of 

Weight 

Temp,  of 

Temp,  of 

Reduced 

Apparent  spe- 

Reduced spe- 

ezper't. 

added. 

water. 

room. 

weight. 

cific  gravity. 

cific  gravity. 

•     1 

7.897 

4°.2 

5*'.0 

35.2785 

1.000043 

1.000021     ' 

2 

7.899 

6.4 

6.5 

35.2805 

1.000100 

0.999955 

3 

7.895 

4.5 

5.7 

35.2765 

0.999938 

0.999949 

4 

7.896 

4.7 

5.2 

3P.2775 

1.000014 

0.999964 

5 

7.896 

4.8 

5.2 

35.2775 

1.000014 

0.999953 

6 

7.898 

7.5. 

9.0 

35.2795 

1.000071 

0.999'i69 

7 

7.897 

6.7 

6.6 

35.2785 

1.000043 

0.999880 

8 

7.898 

6.8 

7.3 

35.2795 

1.000071 

0.999902 

9 

7.898 

7.3 

7.8 

35.2795 

1.000071 

0.999874 

10 

7.896 

8.0 

9.1 

35.2775 

1.000014 

0.999788 

11  . 

7.897 

10.3 

10.5 

35.2785 

1.000043 

0.999677 

12- 

7.898 

7.6 

8.5 

35.2795 

1.000071 

0.999858 

13 

7.893 

9.0 

8.5 

35.2795 

1.000071 

0.999779 

14 

7.895 

10.6 

10.1 

35.2765 

0.999988 

0.999606 

15 

7.8955 

5.6 

4.2 

35.2770 

0.999978 

0.999910 

16 

7.886 

2.0 

4.7 

35.2675 

0.999731 

0.999833 

17 

7.885 

1.4 

3.7 

35.2665 

0.999702 

0.999838 

18 

7.8W 

4.2 

4.9 

35.2755 

0.999958 

0.999936 

19 

7.895 

5.0 

5.5 

35.2765 

0.999988 

0.999921 

20 

7.8975 

7,1 

t.7 

35.2790 

1.000057 

0.999872 

21 

7.898 

8.8 

9.2 

35.2795 

1.000071 

0.999890 

22 

7.893 

12.2 

12.4 

35.2745 

0.999929 

0.999456 

23 

7,890 

13.5 

13.0 

35.2715 

0.999830 

0.999324 

24 

7.861 

16.5 

17.0 

35.242(5 

0.999022 

0.998307 

25 

7.867 

17.0 

17.0 

35.2385 

0.998908 

0.998165 

26 

7.851 

17.9 

18.0 

35.2325 

0.998739 

0.997946 

27 

7.826 

23.2 

23.0 

35.2075 

0.998030 

0.996938 
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'  164.  With  the  glass    hydrometer    the  following  similar  results 
were  obtained: 

,  TABLE  XXXVI. 

Densities  of  water j  observed  with  a  glass  hydrometer. 


D^o.  of 

Weight 

Temp,  of 

Temp,  of 

Reduced 

Ajmacent  spe- 
cific grtivity. 

Reduced  spe- 

exper't. 

ftilded. 

water. 

room. 

wcigrht. 

cific  gravity. 

1 

2.586 

'    9*>.0 

10^.2 

40.4311 

1.000087 

1.000075 

Z 

2.580 

10.3 

10.4 

40.4251 

0.999938 

0.999924 

3 

2.585 

9.1 

9.0 

40.4301 

1.000062 

1.000050 

4 

2.581 

10.6 

10.1 

40.4261 

0.999963 

0.999949 

5 

2.586 

5.7 

4.5 

40.4311 

1.000087 

1.000084 

6 

2.580 

2.0 

4.5 

40.4251 

0.999938 

0.999943 

8 

2.580 

1.5 

3.7 

40.4251 

0.999938 

0.999944 

8 

2.682 

4.2 

4.9 

40.4271 

0.999987 

0.999987 

9 

2.5S3 

4.9 

5.4 

40.4281 

1.000012 

1.000010 

10 

2.585 

7.1 

7.7 

40.4301 

1.000062 

1.000055 

11 

2.582 

8.8 

9.2 

40.4271 

0.999987  . 

0.999976 

12 

2.573 

12.3 

12.4 

40.4181 

0.999765, 

0.999746 

13 

2.569 

13.5 

13.0 

40.4141 

0.999666 

0.999644 

14 

2,554 

16.7 

17.0 

40.3991 

0.999294 

0.999265 

15 

2.552 

,    17.0 

J7.0 

40.3971 

0.999245 

0.999214 

16 

2.547 

17.8 

18.0 

40.3921 

0.999122 

4 

0.999090 

155.  The  appa^,ent  weight  given  for  this  hydrometer,  when 
weighed  with  the  mint  balance,  was  37.8025  oz.^troy,  at  the  tem- 
perature.of  20^  cent.,  nearly,  and  a  probable  barometric  pressure  of 
29.9  inches.  Its  top  above  the  index  point  was  found  to  weigh 
0.72  oz.;  and,  according  to  experiment  No.  8,  the  weight  required 
to  sink  it  to  that  point  in  water  of  4^.2  cent.,  is  2.582  oz.  troy. 
From  these  data,  jvith  the  coefficients  u$ed  in  other  cases,  (see  sec- 
tions 145,  151,)  I  deduced  for  its  true  weight,  the  value  37.8456  oz. 
troy;  and  for  the  reduced  weight  of  the  volume  of  water  of  max- 
imum density  which  it  displaces,  40.4276  oz. 

156.  It  may  here  be  stated,  that  in  these  experiments,  4^.2  cent, 
is  always  assumed  to  be  the  true  temperature  at  which  water  attains 
its  maximum  density.  This  value  being  that  which  I  obtained  by 
the  method  of  least  squares,*  from  the  observed  data  of  M.  Des- 
pretz.  It  is,  therefore,  the  normal  temperature  to  which  all  den- 
sities and  volumes  in  the  reductions  are  referred. 

167.  A  mere  inspection  of  the  two  tables  just  given  is  sufficient 
to  show  that  this  method  of  taking  specific  gravities,  by  means  of 
hydrometers  with  weights,  however  delicate  they  may  be  made,  and 
carefully  the  observations  may  be  performed,  is  not  to  be  relied 
upon  beyond  the  fourth  place  of  decimals,  to  which  extent  it  seems 
to  be  exact.     Thus,  for  instance,  in  Table  XXXV.,  experiments 


See  Sen.  Doo.  No.  165.    Seoond  steaoo  28th  Congresi^  p.  92 ;  and  ftboye^  aee  p.  99. 
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No.  1  and  No.  18,  were  both  msde  st  the  temperature  4^.C.,  tlkat 
of  maximum  density;  and  shouirt,  therefore,  have  both  given  the 
specific  gravity  1  0(K)000;  the  probable  error  of  the  first  result  isi 
consequently,  0.000021,  plus^  aRcl  that  of  the  second  0.000064, 
minus;  and  the  range  of  error  is  0.000083,  or  nearly  unity  in  the 
fourth  place  of  decimals. 

Inaccurate  as  this  method  may,  therefore,  seem  to  be,  I  yet  be- 
lieve it  to  be  far  less  so  than  that  employed  by  Messrs.  Gilpin  and 
Blagden,  when  alcoholic  liquors  are  to  be  examined.  For  it  ap* 
pears,  by  the  observed  data  given  in  sections  144,  145,  that  from 
some  cause  which  I  could  not  readily  detect,  but  supposed  to  be 
due  to  evaporation  when  the  bottle  is  first  filled,  a  difference  of 
temperature  occurs  during  the  time  of  weighing,  of  one  or  two- 
tenths  of  a  degree  cetitigrade,  which  must  give  rise  to  errors  of  as 
many  units  in  the  fourth  place  of  decimals.  Nor  could  I  obviate 
this  difficulty,  though  I  sought  to  do  so  in  every  way  I  could  im- 
agine. 

I  also  attempted  to  use  the  metliod  of  weighing  an  immersed 
body.  And,  for  this  purpose,  prepared  two  hollow  glass  globes 
of  different  sizes,  which  I  loaded  so  that  they  should  sink  with 
feeble  iorce  in  pure  water;  the  weighings  were  made  with  Duffey'a 
small  balance,  possessing  all  requisite  sensibility  and  accuracy,  but 
I  could  not  obtain  any  satisfactory  results.  For  alcohol,  the  oscil- 
lations were  so  slow  that  the  temperature  changed  beyond  all  altow^ 
able  limits  during  the  weighing,  producing  currents  in  the  liquid, 
and  strata  of  different  density  and  temperature.  And  even  with 
water  the  experiments  made  at  the  same  time  were  very  con- 
tradictory. So  that  I  was  compelled  to  abandon  this  method  alto- 
gether. 

There  is  only  one  other  method  which  would,  I  think,  give 
results  much  more  accurate  than  can  be  obtained  by  using  hydrom- 
eters, which  is  that  of  thermometers  made  of  thb  different  liquids 
to  be  examined,  by  comparing  the  indications  of  which,  the  rela- 
tive volumes,  and  consequently  the  densities,  become  known.  This 
method  I  had  hoped  to  have  fully  tested,  but  I  was  disappointed 
by  reason  of  the  ill  health  of  the  instrument  maker,  whom  I  had 
engaged  to  construct  them;  and  I  could  not,  in  time  for  this  report, 
find  another  person  capable  and  willing  to  undertake,  and  properly 
execute,  the  work. 

It  was  also  my  design  to  have  discussed,  by  the  method  of 
curves,  as  well  as  by  that  of  least  squares,  the  data  given  in  this 
chapter,  with  the  view  of  eliminating  all  important  errors.  '  But  for 
this  task,  which  involves  considerable  labor,  I  have  not  yet  had 
the  necessary  time. 
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CHAPTER  III. 

Per  cents  hy  volume  und  weighty  and  fpecific^rnmties  corresponding 
to  the  indi:ations  of  Dycas^s  hydrometer. 

158.  Since  by  act  of  Congress  the  Secretary  of  the  Treasury  is* 
authorized  ^Ho  bdopt  and  institute  such  bydrooaeter  as  he  may  deem  ' 
best  calculated  to  promote  the  public  interest,  in  lieu  of  that  now 
prescribed  by  .law  for  ascertaining  the  proof  of  liquors,  &c.";  and 
since  these  researches  were  undertaken  by  request  of  the  Treasury 
Departmept,  because  representations  had  been  made  that  Dycas's 
hydrometer  (the  instrument  now  used  in  the  revenue)  is  inaccurate, 
and  it  was,  therefore,  '^deemed  important  to  the  interests  of 
the  rerenue  that  a  careful  and  thorough  investigation  of  the  sub- 
ject should  be  had,'*  it  became  necessary,  not  only  to  test  the  gen- 
eral accuracy  of  Dycas's  hydrometer,  which  was  done  in-  the  man- 
ner, and  with  the  results  already  reported  on  a  former  occasion,* 
but  also  to  furnish  data  which  would  enable  the  Secretary  of  the 
Treasury ,jn  the  exercise  of  the  authority  conferred  upon  him  by 
law^  to  substitute  another,  and  a  more  accurate  instrument. 

For  this  purpose,  it  is  only  requisite  to  ascertain  with  accuracy, 
what  is  the  real  per  cent,  by  weight  or  volume,  or  in  other  words, 
the  exact  chemical  composition  of  each  of  the  several  kinds  of 
liquor  which  are  classified  in  the  laws  of  the  United  States,  under 
the  technical  terms  ^[first  proof  y^^  ^^second  proof  ^^  &c.;  so  that  any 
other  means  which  would  attain  the  same  end  more  correctly  than 
those  now  employed,  may  be  used  instead  of  them. 

169.  In  my  former  teport  I  have  traced  the  origin  of  these  term*!, 
and  shown  that  they  are  in  no  way  dependent  upon,  or  connectni 
with  general  commerce;  but,  on  the  contrary,  that  they  are  per- 
fectly arbitrary,  and  derive  their  existence  solely  from  the  result  of 
accident  in  the  legislation  of  the  Congress,  of  the  United  States. f 
That  they  arc  employed,  or  even  understood  at  all,  by  the  dealers 
in  spirits  in  our  country,  is  simply  due  to  the  fact,  that  the  duties 
are  levied  and  paid  in  accordance  with  them.  In  other  countries 
they  are  unmeaning  words. 

Hence  it  is  evident,  that  not  the  least  inconvenience  or  disad- 
vantage can  arise  froip  tlue  abandonment  of  a  system  which  is  so 
perfectly  arbitrary  and  limited.  It  was  .created  by  our  govern- 
ment for  its  own  purposes;  and,  similarly,  it  should  now  be 
destroyed,  that  a  more  natural,  simple,  just  and  accurate  system, 
may  take  its  place; 


•  860.  Doo.  No.  105. 28th  Coog.  2d  8aM.;  p.  100^  aad  above  we  p.  208,  109. 
)  See  Ibid.  p.  96,  and  abow  see  p.  IOC 
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160.  Although,  in  the  report  to  which  I  have  referred,  I  have 
given  the  definitions  of  the  terms  ^^first  freofy  second  proof ^^^  &c.y 
I  may  here  repeat  what  I  have  therein  dtated,  for  the  convenience 
of  the  reader.  By  act  of  Congress,*  approved  August  10, 1790,  the 
hydrometer  of  Dycas  is  established  as  that  to,  be  used  in  the 
Qollection  of  the  revenue,  and  spirits  are  divided  into  six 
classes,  to  wit  :  Ist,^^^  distilled  spirit  of  more  than  ten  per 
cent,  below  proof,  according  to  Dycas's  hydrometer;"  2d,  ^4f 
more  than  five,  and  not  more  than  ten  per  cent,  below  proof, 
according  to  the  same  hydrometer;"  3d,  ^4f  of  proof,  and  not  more 
than  five  per  cent,  below  proof,  according  to  the  same  hydrometer;'' 
4th,  ^4f  above  proof,  but  not  exceeding  twenty  per  cent.,  according 
to  the  same  hydrometer;"  5th,  ^'if.  of  more  than  twenty,  and  not 
more  than  forty  per  cent,  above  proof,  according  to  the  same 
hydrometer;"  6th,  "if|  more  than  forty  per  cent,  above  proof, 
according  to  the  same  hydrometer." 

Why  these  perfectly  arbitrary  classifications,  dependent  upon  a 
patented  foneign  instrument,  based  upon  unknown  private  data, 
should  have  been  made  at  first,  it  is  now  impossible  to  ascertain. 
But,  by  act  of  Congress,  approved  March  3,  1791,*  they  acquired 
technical  names^  which  have  since  secured  to  them  undisturbed  ex- 
istence, until  they  have  become  looked  upon  almost  as  natural  and 
independent  things,  and  not  as  creatures  of  legislative  caprice.  By 
that  act,  it  is  enacted  ^^  that  the  several  kinds  of  proof  shall  be  dis* 
tinguished,  corresponding  with  the.  order  in  which  they  are  men- 
tioned, by  the  words  first  proofs  second  proof j  third  proofs  fourth 
proof  J  fifth  proof  sixth  proof -^^  and  it  is  made  "the  duty  of  the 
Secretary  of  the  Treasury  to  provide  and  furnffsh  to  the  officers  of 
inspection  and  of  the  customs  proper  instruments  for  ascertaining 
the  said  several  proofs." 

161.  In  future  legislation,  all  reference  to  this  arbitrary  clas- 
sification should  be  dispensed  with;  and  the  duties  to  be  levied 
should  be  proportional  to  the  per  cent,  by  volume  of  alcohol  iit 
any  liquor,  exeept  in  cases  for  which  the  value  depends  rather 
upon  some  adventitious  circumstances  or  peculiar  flavor;  but  for 
temporary  use,  both  by  the  government  and  by  private  persons, 
until  it  shall  become  well  understood  what  per  cent,  of  contained 
alcohol  is  equivalent  to  each  of  these  "proofs,"  it  was  deemed  ex- 
pedient to  determine  experimentally,  and  with  all  possible  care, 
the  specific  gravities  and  equivalent  per  cents,  corresponding  to 
the  indications  of  Dycas's  hydrometer. 

162.  One  of  the  difficulties  to  be  contended  with  ar^se  from  the 
want  of  a  standard  instrument,  or  any  data  based  upon  natural 
laws  and  facts.  I  had  been  furnished,  it  is  true,  with  an  instru- 
ment belonging  to  the  Treasury  Department,  No.  1,019,  made  by 
Dycas;  and   also   with  several  similar  hydrometers,   copied  from 


*  See  Laws  of  the  United  States,  vol.  ^.  p.  176.  oh.  66.  Seot«l. 

*  Laws  of  the  Uoited  States,  toI.  ^j  p.  Zi6,  oh.  89,  sec.  37. 
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those  of  Dycas,  under  the  superintendence  of  Mr.  Fisher,  of  Phila  ' 
delphia.  6ut  as  neither  of  these  instruments  could  be  considered 
as  a  true  standard,  to  which  all  others  might  be  referred,  I  of  ne- 
cessity felt  much  at  a  loss  in  the  matter;  the  more  so,  because  the 
instrument  No.  1,019,  which  was  the  most  authentic,  had  suffered 
^lightly  frotti  indentations.        ' 

In  the  custom-houses  of  New  York,  Boston  and  Baltimore,  I 
found  three,  hydrometers  in  excellent  order,  used  as  standards  at 
those  several  ports;  and  I,  therefore,  determined  to  adopt  the  mean 
results  given  by'those  three  instruments,  when  compared  with  No. 
1,019  of  the  Treasury  Department,  and  with  an  alcoholometer  of 
Gav  Lussac,  made  by  M.  Collardeau,  who  alone  is  authorized  to 
make  them  in  France,  and  which  I  had  imported  for  these  ^ 
researches.  The  following  table  contains  the  observed  data  of  this 
experimental  comparison: 


Dycas's  hydrometer. 

Per  cent,  by 
7olame.'6ay 

, 

Laflsao. 

U.S.  Treasury 

Port  of 

Port  of 

Port  of 

Department. 

Boston. 

New  York. 

Baltimore. 

92.0 

325*^.2 

326**  .6 

87.8 

296.5 

..... 

296.6 

84.5 

276.9 

277.3 

• .  • . . 

84.5 

276.2 

276.3 

82.8 

266.7 

•  * .  • . 

266.5 

80.3 

• .  • . . 



254.0 

79.7 

249.6 

..... 

249.5 

76.0 

229.4 

..... 

229.7 

75.0 

223.8 

224.2 

..... 

..... 

73.2 

215.3 

215.0 

72.9 

214.2 

214.0 

69.4 

197.8 



19S.2 

66.5 

183.1 

183.0 

64.3 

174.0 

173.9 

64.2 

173.0 

..... 

172.6 

62.0 

164.3 

164.7 

..... 

59.7 

154.8 

154.8 

59.8 

154.0 

164.0 

55.5 

137.8 

137.3 

55.0 

135.5 

135.7 

.*?.. 

53.0 

127.5 

127.6 

50.3 

118.8 

118.6 

50.3 

118.7 

119.4 

47.6 

109.7 

110.5 

•  .  •  •  a 

45.5 

102.8 



103.3 

43.7 

97.7 

97.3 

41.6 

90.3 

90.6. 

34.8 

72.8 

72.7 

30.5 

64.3 



64.0 

163.  From  the  data  just  given  I  constructed  the  following  table, 
by  interpolation,  employing  two  methods — one  graphic,  by  means 
of  a  curve  drawn  among  the  given  points,  to  eliminate  probable  er- 
rors; and  the  other  numerical,  taking  account  of  second  differences: 


[50]  528 

TABLE  XXXVII. 
Comparison  of  Gay  Lussac^s  alcoholometer  loith  that  of  Dycas, 


Per  cent. 

'  Correiponding  de^ee  of  Dycas.             | 

by  volame 
of  Gay 

* 

LuBsao. 

By  oalcolatTon. 

Graphically 

Mean. 

80 

63^.3 

63«>.3 

63«.3 

36 

73.2 

73.2 

73.2 

40 

84.7 

'        86.5 

85.1 

46 

lOi.l 

101.2 

101.16 

60    ^ 

118.0 

118.0 

118.0 

65 

135.5 

135.5 

135.5 

60 

155.2 

154.7 

155.0 

65 

178.0 

175.6 

176.7 

70 

199.5 

199.4 

199.6 

75 

224.0 

224.0 

224.0 

80 

261.5 

250.4 

251.0 

85 

279.8 

278.7 

279.2 

90 

311.0 

311.0 

311.0 

164.  According  to  Dycas's  hydrometer,  the  following  are  the  in- 
dicated degrees  which  correspond  to  the  definitions  of  the  different 
proofs  given  in  the  laws  of  the  United  States:  • 


First  proof, 

Second 

(( 

Third 

€( 

Fourth 

(( 

Fifth 

CC 

Sixth 

u 

anything  below  118®  Dycas. 

from  118°  to  128°  5  « 
'«         128°.5  to  139075  " 

above  139.75  to  189«.0  « 
«'  189  0  to  247.0  « 
«        247.0  indefinitely,  « 


For  these  values,  the  observed  results  of  the  table  in  ^  162,  give: 


First  proof, 

anything  below  50  per  cent,  by  volume 

Second  " 

from  50    to  63  3            "                    " 

Third      " 

"     53.3  to  66               "                    « 

Fourth  « 

"     56    to  67.7             «                    « 

Fifth      " 

"     67.7  to  79.8             «                    « 

Sixth      « 

"     79.3  indefinitely,  "                    " 

165.  With  the  first  series  of  standard  mixtures  of  table  XXXIII. ^ 
§  123,  and  two  of  the  secondary  series,  §  128,  the  hydrometer  of 
I)}'cas,  Mo.  1,019,  belonging  to  the  Treasury^  gave  the  indications 
of  the  annexed  table: 
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£«r  ot.  of 

Decree  of 

Tomp. 
FahreDheit. 

Perct.  of 

Degree  of 

Temp. 
Fahrenheit. 

alcohol  by 

Dycas. 

alcohol  by 

Dyoas. 

weight. 

, 

wei|;ht. 

• 

5 

18*>.5 

64*'.6      , 

60 

190<>.5  ' 

63*. 3 

10 

31.0 

63.5 

70 

*   235.0 

64.0 

20. 

53.0 

63.5 

80 

2S3.0 

63.6    , 

30     • 

77.5 

63.5 

85 

307.0 

62.7 

40 

109.5 

64.0 

90 

335.0 

63.5 

•    50 

148.0 

65.2 

100 

Sinks. 

•  •  •  • 

166.  By  means  of  the  theory  and  mathematical  formulas,  given 
\for  Dycas's  hydronwter  in  my-  former  report,*  and  the  foUdwing 
weighings  by  Mr.  Saxtoo,  of  the  office  of  weights  and  measures, 
made  at  my  request,  I  have  duduced  'the  specitic  gravities  which 
correspond  to  the  indications  of  that  instrument: 

*  TABliE  XXXyil.  , 


Degree  of 
Dyoas. 


0 
10 
30 
bO 
70 
90 

no 

130 

150 
170 


Weight  of  the 

hydrometer  and 

added  load  ia 

grains. 


542.865 
539.540 
533.410 
i»27.l05 
521.025 
514.863 
508.836 
502.955 
497.080 
491.310 


Correspooding 
specific  gravi- 
ty- 


1.0600 
.9939 
.9826 
.9710 
.9598 
.9484 
.9373 
.9265 
.9167 
.9050 


Degree  of 
Dycas. 


190 
210 
230 
250 
270 
290 
310 
330 
350 

360,  or 
the  bulb 


Weight  of  the 

hydrometer  and 

added  load  in 

grains. 


485.665 
479.88a 
474.305 
468.718 
463.290 
457. 8S0 
452.505 
447.040 
441.495 
437.565 


alone. 


Corresponding 

specific  gravi- ' 

tj. 


.8946 
.8810 
.8738 
.8634 
.S534 
.8434 
.8336 
.8235 
.8133 
.8000 


167  In  a  memoir  of  M.  Francoeur,  on  Ar^omHrxt,^  presented  ta 
the -Academrof  Sciences,  of  Paris,  in  1842,  a  still  more  tf^^^^^^ 
if  wlighingi  of  the  weights  and  bulb  of  one  of  Dyeas's  ^J^l^f^; 
VJ^S^  giTen.  M.  Franc(Bar  did  not,  however,  compute  he  cor- 
resJoBdiSg  specific  gravities;  which  I  have,  therefore,  calculated 
and  embodied  in  the  following  table: 


•  Sen.  Doc  No.  165,  2d  session.  28th  Congres's,  p.  80;  and  aboye  «M  p.  86 
t  M*m.  SorrAr^om.  par  M.  Francceur. 
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TABLE  XXXIX. 


Doerees  of 
Dyoat. 

Weight  in 

Specifio 

Degrees  of 
Dytfas. 

Weight  in 

Speci&o 

grauunes. 

grayity. 

grammes. 

gravity. 

0 

30.660 

1.0000 

190 

27.449 

0.8953 

10 
20 

30.476 
30.294 

.9940 
.9881 

200 
210 

27.292 
27.135 

.9902 
-     .8850 

30 

30.114 

.9822 

220 

26.981 

.8800 

40 

29.936 

.9764 

230 

26.818 

.8747 

50 

,     29.761 

.9707 

240 

26.656 

.8694 

60 

29.587 

.9650 

250 

26.497 

.8642 

70 

29.416 

.9594 

260 

26.339 

.8591 

80 

29.246 

.9539 

270 

26.184 

.8540 

90 

29.079 

.9484 

280 

26.030 

.8490 

100 

23.913 

.9130 

290 

25.8s3 

•8442 

110 

28.749 

.9377 

300 

25.718 

.8388 

120 

28.587 

.9324 

310 

25.565 

.8338 

130 

28.427 

.9272 

320 

25.414 

.8289- 

140 

28.269 

.9220 

360 

25.264 

i          .8240 

150 

28.101 

'       .9165 

340 

'0  25.T21 

.8193 

160 

27.935 

.9111^ 

350 

24.980 

.8147 

170 

27.771 

.9058^ 

360,  or 

24.840 

.8102 

180 

27.610 

.9005 

the  balb  aHone. 

168.  Of  these  two  different  tables,  the  results  should  be  identical, 
if  the  instruments  examined  had  been  free  from  errors  of  workman- 
ship. The  corresponding  specific  gravities  do  not  differ  much  for 
very  dilute  liquors;  but  for  those  of  high  degrees  of  strength,  the 
Tariations  amount  to  unity  in  the  third  place  of  decimals,  or  one- 
quarter  of  a  per  cent.,  by  volume.  The  ins^ument  examined  by 
Mr.  Saxfon,  was  No.  671,  by  Fisher,  and  not  an  original  authentic 
hydrometer  made  by  Dycas  himself,  who  alone  knew  the  secret 
data  employed  for  the  proper  manufacture  of  his  hydrometers. 
For  tkis  reason,  the  resulta  deduced  from  the  weighings  of  M. 
Francoeur  are  probably  the  most  correct.  I  did  not  cause  the  hy- 
drometer, No.  1019,  by  Dycas,  belonging  to  the  Treasury  Depart- 
ment, to  be  compared  in  a  similar  manner,  by  weighing,  with  those 
from  which  these  two  tables  are  computed;  but  it  may  8till.be 
done,  with  but  little  labor. 

169.  It  should    be  remarked,  that  neither    the.  weighings  of  Mr. 
Saxton,    table    XXXVIII,   nor    those    of     M.     Francoeur,    table 
XXXIX,  are    correcte'd  for    atmospheric  bouyancy;  the    requisite 
data  for  such.^  correction  not  having  been  observed,  or  considered 
important.     And  that  the  specific  gravities  are  not  referred  to  water 
at  its    maximum    density,  but  at  32^    Fahrenheit,  or    the    freezing 
point,  which    temperature  was  assumed    by  Dycas,  as  that  for    the 
origin  of  his  scale.     To*  reduce  these  specific  gravities  to  the  scale 
of  water  unity  at  16*  cent.,  adopted  by  Gay  Lu38ac,.we  must  mul- 
tipTy  them  bj  the  constant  factor  1  000074;  and,  similarly,  for  the 
corresponding    values  of  the  scale  of  water  unity  at  its  maximum 
densiVy,  we  have" the  coefficient  0.999873;  both  of  these  coefficients 
being   taken  from  the    data  of  M.  Eiespretz  for    the    expansion    of 
water. 
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170.  With  the  latter  of  theae  mttltipliers  and  the  weighings  of 
M4  Franeoeur,  the  following  specific  gravities  have  been  calculated; 
to  which  are  also  annexed  the  equivalent  per  cents,  bj  volume  at  6(P 
Fahrenheit,  given  by  Tablk  VJI,  of  Tralles,  in  chapter  I  of  this 
report: 


TABLE  XL. 


Degree 
ofliy. 

Specific 

Per  cent,  by 

Degree 
of  Dy- 

Specific 

Per  ceht.  by 

gravity. 

volume    at 

gravity. 

volome    at 

CM. 

60^  Fahr. 

eaa. 

60«  Fahr. 

0 

0.9999  . 

0.0 

190 

0.8952 
0.8901 

67.5 

10 

0.9939 

3.4 

200 

69.6 

20 

0.9880 

8.1 

210 

0.8849 

71.7 

30 

0.9821 

13.2 

220' 

.    0.8799 

73.7 

40 

0.9703 

r. 

230 

0.8746 

75.7 

60 

0.9706 

240 

0.8693 

77.7 

60 

0.9649 

29.7 

250 

0.8641 

79.7 

70 

0.9593 

33.7 

•  260 

0.8690 

81.6 

80 

0.9538 

37.8 

270 

Q.8539 

83.7 

90 

0.9-183 

41.7 

280 

,0.8489 

85.0 

100 

0.9429 

44.9 

290 

0.8411 

86.5 

no 

0.9376 

47.8      • 

300 

0.8387. 

88.3 

120 

0.9323 

50.6 

310 

0.8337 

90.2 

190 

0.927.1 

53.2 

820 

0.8287 

91.3 

140 

0,9219 

65.7 

330 

0.8239 

92.7 

150 

0.9164 

57.7    ' 

'340 

0.8192 

^3.9 

100 

0.9110 

.    60.7 

350 

0.8146 

95.8    ■ 

170 

0.9057 

62.9 

360 

0.8101 

96.5 

180 

0.9004 

.    65.3 

... 

171.  The  above  results  will,  it  is  believed,  furnish  all  information 
nrhich  can  be^desired  either  by  the  government  or  by  private  per* 
sons,  who  may  wish  to  know  the  equivalent  values  in  per  cent,  of 
pure  alcohol,  for  the  arbitrary  indications  of  Dycas's  hydrometer; 
and  will  serve  to  let  them  readily  accustom  themselves  to  new 
terms  which  will  come  into  use,  if  the  government  should  abandon 
the  old^  and  faulty  system  heretofore  employed. 
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An  examination  of  the  condition  of  the  hydrometers  in  use  by  the  reve- 
^    nue  officers  of  several  of  the  ports^  and  comparisons  of  $ome  of 
*  those  instrumentSy  with  others  belonging  tojhe  Treasury  Depart- 
me%t* 

172.  The  instruments  belonging  to  the  Treasury  Department, 
which  I  employed  for  the  purpose  of  comparing  those  of  the  cus- 
tom-houses, indirectly,  with  each  other,  in  order  to  deduce  .the 
mean  results  given  in  §163,  above,  were  five  in  number.  Two  hy^ 
drometers  of  Dycas;  one  made  by  Dycas  himself.  No.  1019;  and 
the  other  by  Fisher  of  Philadelphia,  No.  671;  the  same  for  which 
the  weighings  of  Mr.  Saxton,  §166,  were  made.     (To    distinguish 
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these  hydrometers  in  the  record  of  the  experimental  results,  I  sEall 
simply  call  them  D^cai  and  Fishtr.)  Also,  three  alcoholi^mttjirs  rf 
Say  LussaCy  which  I  shall  call  O.  L.  No.  1;  O.  L.  No.  2;  and  GL 
Ji.  No.  3.  Of  these,  O.  L.  Nos.  X  and  2  were  amonff  the  instru* 
ments  in  the  office  of  weights  and  measures,  collected  by  the  late 
Mr;  Hassler,  and  seem  to  he  standard  hydrometers,  made  by  M.  Col- 
lardeau,  for  they  are  of  unusual  delicacy  and  excellence  of  work- 
•manship.  The  .instrument  G.  L.  JS^o.  3  I  imported, from  Paris;  it 
was  made  by  Collardeau,  and  is  therefore  authentic;  but  it  is  less 
delicate  than  tb*e  others.  Its  scale  extends  from  30  to  100  per 
cent.,  while  those  of  G.  L.  Nos.  I  and  2  are  much  more  limited. 
To  have  giren  to  the  stems  of  the*latter  sufficient  length  to  include 
an  equal  number  of  degrees,  would  have  rendered  them  too  fragile. 

173.  Baltimore, — At  this  port  I  found  two  hydrometers.  "f?r^>'  ■  •  , 
'  ^^No.  6,841,  made  by'  Gammage,  late  Dycas,  son  in  law,  Liyer- 
pool,"  in  excellent  order.     The  standard  of  this  port,  and  one  of 
the  three  instruments  referred  to  in  ^162,  as  those  which  I  used  for 
obtaining  standard  or  mean  results. 

^^No.  4,664,  by  Arstall,  late  Dycas,  patentee,  Liverpool."  In 
constant  use.  Weights  Nos.  260^  180  and  360.1osU  Weight  No. 
30,' pf  Dycas,  No.  1,046,  in  the  box  of  this  instruiPQent,  a  circnm- 
stance  which  misht  give  rise  to  errors. 

The  thermometers  belonging  to  these  instruments  were  conipared 
irith  one  by  Finher  of -Philadelphia,  with,  the  following  observed 
results:  ^ 


^^ 


FS«h«r) 

Gammage. 

ArMall. 

48*'.3  Fahr. 

iT^'.e  Fahr. 

'  46<>.6 

60.0 

60.0 

49.0 

67.0 

66  6 

6ft2 

64.0 

63.5 

[n.the  thcrmeueter  by  Arstall  there  was  a  considerable  air-bub- 
ble. 
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174.  Philadelphia, — At  this  port  the  oflScer»  of  tie  ^even^e  had 
no  standard  hydrometer;  Fisher's  standard  being  resorted  to  by 
them  for  adjusting.  There  were  in  the  marker's  office  four  hydro- 
meters. ^ 

"No.  336,  by  Fisher."  That'in  use,  and  said  to  have  been  re- 
cently adjusted  by  Mr..  Fisher.  Several  of  the  weigbts  appeared 
new.     The  bulb  indented,  and  weights  Nos.  320,  340,  350  lost. 

"  No.  216,  by  Fisher  &  Son."  *  Box  locked  and  key  lost;  ob- 
tained a  key  to  open  it,  and  found  the  bulb  in  good  order.  The 
thermometer  ^one,  also  weights  Nos.  330,  340,  350.  This  hydro* 
meter  not  in  use. 

^^  No.  225,  by  Fiisher."  Also  locked,  and  key  lost;  When  opened^ 
the  weights  were  found  complete,  but  the  thermometer  lost,  and 
the  bulb  deeply  indented.     Good  for  nothing,  and  never  used.  ^ 

"No.  224,  by  Fisher."  Alsp  locked,  and  key  lost.  Bulb  in- 
dented, weights  0,  10,  20,  30,  40,  50,  60,  70,  80,  90,  100,  310,  320, 
and  350  gone.     Appears  to  have  been  formerly  much  used. 

The  axis  of  the  figure  of  No.  336,  was  curvilinear,  so  that  the 
instrument,  being  uiisymetrical,  floated  obliquely.    * 

The  following  table  contains  the  results  of  an  experimental  com- 
parison of  Nos.  336  and  216,  with  the  hydrometers  of  the  Treasury 
I)epartaient. 
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175.  JV*eto  York. — In  the  surveyor's  o&^e  of  this  port,  I  foaiid 
four  hydrometers  in  use- 

^^No.  6342,  l^y  Gammage,  late  Dycas'  pateptee,^  the  standard; 
marked  "surveyor's  test  box,  August,  1839."  It  appeared  to  be  ia 
perfect  order.  This  is  another  of  the  three  standard  hydrometers 
referred  to  in  section  162,  from  which  I  deduced  mean  data. 

"No.  6338,  by  Gammage  "  Balb  indented  '^nd  much  worn; 
-weight  160  lost  and  replaced  by  a  new  weight;  .weight  No.  170 
belongs  to  another  instrument,  and  No.  340  is  lost. 

"No.  6341,  by  Gammage."  Bulb  slightly  indented.  Thermometer 
lost  and  replaced  by  ofie  made  by  Fisher  of  Philadelphia. 

"No.  6340,  by  Gammage."  Bulb  indented.  Weights  No.  270, 
31t),  and  350  lost. 

176.  I  was  informed  by  the  marlrers  of  this  port,  that  they  had 
never  had  occasion  to  prove  spirits  at  temperatures  below  32^  Fah- 
renheit in  winter,  or  above  80^  Fahrenheit  in  summer.  Under  the 
tariff  of  1842,  their,  practice  was  to  allow  no  liquor*the  benefit  of 
draw1>ack,  as  first  proof,  which  should  be  more  than  ten  per  cent. 
below  the  proof  mark  of  Dycas^s  hydrometer. 

177.  In  proving  spirits  at  this  port,  it  has  been v  customary  to 
alU>w  a  deduction  of  one  or  two  degrees  froni  the  indication  of  the 
hydrometer,  for  instrumentai  errors^  if  a-  liquor  should  happen  to 
exceed  by  that  amount  the  limit  established  by  law  for  either  of 
the  several  proofs.  The  reason  assigned  for  this  by  the  markers  to 
myself,  was  a  wish  to  be  liberal  to  the  importers.  Their  liberality 
has,  however,  been  most  certainly  unjustifiable;  for  it  will  appear 
by  inspection  of  the  sCnnexed  taj|le  of  comparative  results,  that  the 
standard  hydrometer  'of  the  surveyor's  office.  No.  6342,  requires 
about  two  degrees  to  be  added  to  the  indications  of  th\B  instruments 
in  ordinary  use  to  render  them  correct;  also,  that  the  standard  hy- 
drometer No.  1019  gives  results  very  closely  agreeing  with  those 
of  No.  6342.  Hence,  it  follows  that  whenever  such  a  deduction  of 
one^or  two  degrees  was  allowed,  a  liquor  was  permitted  to  pay 
duty  as  of  a  lower  degree  of  proof,  which  was  in  fact  three  or  four 
degrees  above  th%  limit  prescribed  by  law  for  that  proof. 

In  no  other  port  of  those  which  I  visited  has'  a  similar  custom 
prevailed,  except  at  New  Haven,  and  it  was  adopted  there  in  con* 
sequence  of  the  advice  of  a  former  surveyor  of  the  port  of  New 
York. 

178.  The  following  are  the  experimental  data  furnished  W  the 
abgve-mentioned  instruments:  *      ' 
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179.  Boston. — The  instruments  used  bj^the  revenue  office;^  of  this 
port  were:  * 

A  standard  hydrometer,  **No.  3925,  by  Dycas,"  one  of  the  three 
mentioned  in  section  162;  which  had  been  carefully  preserved  in 
the  most  perfect  ofder,  appearing,  indeed,  as  if  never  used. 

And  "No.  4842,  by-Arstall,  successpr  to  Dycfts;"  the  instru-^ 
ment  in  common  us^  Bulb  deeply  indented.  Weights  Nos.  240, 
250,  260,  2^0,  280,  290,  300,  310,  320,  330,  340,  350,  and  360,  not 
in  the  boz,  and  mislaid  or  lost.  Original  thermometer  brrken  find 
replaced  by  one  made  by  J.  Slade,  of  Boston,  which  appear-e  to  be 
a  very  good  one. 

Results  of  comparison,  as  follows: 
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180.  Portland. — Two  hydrometer  here  in  uie:  ''No.  4719|  hj 
Dycas,"  of  which  the  bjilb  is  slightly-  indented,  weight  No.  350 
lost,  and  the  thermometer  broken;  and  '^No.  5222|  by  Dycas/'  ia 
perfect  order. 

At  this  port  there  is  said  to  be  rery  littU  tfade  in  distilled 
spirts. 

181.  Portsmouth^'Jf.  U. — No  hydrometer;  only  a  fragment  of  t 
yery  old  one  in  the  custom-house.  And4io  liquor  either  exported 
or  imported. 


182.  J^Tewburypori. — ^One    yery    old  hydrometer,  in  very  good 
order  for  one  so  long  in  use.     Without  number,  and  dnproyided  at      I 
first  with  a  thermometer.     Also  "No.    1069,  by   Dycas,*'  entirely      j 
out  of  order,  weijghts  lost,  bulb  indented,  and  thermometer  gone. 

183.  Salem. — A  considerable  quantity  of  domestic  distilled  spi- 
rits exported.  Tbex  proof  determined  by  a  hydrometer  of  Tucker 
and  Dwelle;  purchased  by  a  former  surveyor;  in  good  order,  but 
not  authorized  by  law. 

The  marker  informed  me  that  he  has  often  proy^d  rum   at  22^- 
Fahrenheit;  and  says  that  it   frequently   remains  exposed  on  the 
wharf  oyer  night  to  be  proved  in  the  morning. 

Here  I  also  found  "No.  1045,  by  Dycas,"  without  a  thermome- 
ter, and  with  its  bulb  so  deeply  indented  that  it  is  utterly  worthless. 
And  one  very  old  hydrometer,  without  number,  made  by  Dycas; 
many  of  its  weights  being  lost;  and  no  thermometer  having  been 
with  it  originally. 

184.  J>rew  Bedford, — No  importation  \or  exportation  of  spirits 
said  to  be  done  here.  In  the  custom -bouse  there  is  an  antique 
hydrometer  of  Christopher  Colles,  New  York,  1790,  good  for 
nothing.     No  gauging  rods,  etc. 

185.  Bristol^  R.  J. — No  trade  in  spirits.  Ode  old  worth^ss  hy- 
drometer in  the  office  of  the  collector. 

186.  Providence. -^la  the  custom-hoi^se  I ,  found  hydrometer 
"No.  75,  by  Fisher,"  in  good  order,  except  that  the  thermometer 
w[as  lost.  Also  another  old  specimen  of  a  hydrdmeter,  by  Chris- 
topher Colles,  of  New  York;  to  correct  for  temperature  it  has 
weights  to  be  screwed  on. 

187.  JV6to/)or^— "No.  6246,  by  Dycas;"  in  very  good  or^er,  ex- 
cept that  one  weight  and  the  thermometer  had  been  lost. 

188.  J^Tew  Haveuy  Connecticut. — Abundantly  supplied  with  dam- 
aged hydrometers,  namely: 

"No.  2068,  by  Dycas,"  with  its  bulb  indented.  The  thermoA€- 
ter  having  ^f^n  broken  and  replaced  by  another. 
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*^No.  2078,''  weight  350  lost,  bi\lb  indented;  and  the  ivory  scale 
empirically  extended  to  100^  Fahrenheit.  . 

^^No.  9,  by  DycaS|"  no  scale,  no  thermometer,  and  an  indented 
bulbv 

^^No.  361,  by  Fisher,'.'  counterpoise  broken  off,  bulb  amalga- 
m^ated  by  mercury,  weight  No.  150  lost. 

189.  From  the  preceding  statements  it  will  be  evident  that,  with 
very  few  exceptions,  I  found  the  instrumejits  now  in  the  hands  of 
the  officers  of  the  customs  wholly  unfit  for  use,  by  reason  of  ac- 
cideatal  injuries  which  they  have  suffered.  So  that,  generally,  it 
vrould  be  impossible  for  them  to  determine  with  them  the  true 
strength  of  any  liquor  imported  and  subjected  to  their  examina- 
tion. 

Respectfully  submitted  by  your  obedient  servant, 

.  RICHARD  S.  McCULLOH. 

To  Professor  A.  D.  Bache, 

Superintendent  of  Weights  and  Measures^  ifc* 
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NOTE  A. 
IMPBOTEMENTS    IN   OPTICAL  CHEMIBTRT. 

During  the  time  that  the  preceding  investigations  were  in  pro- 
gress) M.  T.  Clergety  of  Paris,  was  engaged  in  making  an  extended 
and  yaluable  series  of  researches,  having  for  their  object  the  per- 
fection of  the  optical  method  of  analysing  saccharyie  substances. 
And  the  celebrated  optician,  M.  Soleil,  of  the  same  city,  was  also 
occupied  in  improving  the  polariscope  or  -sttccharimetery  as  he  has 
called  it.  I  regret  very  much  that  the  adnirable  labors  of  these 
gentlemen  were  simultaneous  with  and  not  prior  to  those  of  Mr. 
Reynolds  and  myself;  for  had  they  been  performed  a  little  sooner, 
they ' would  Jiiiye  greatly  aided  as  in  the  more  exact  and  speedy 
execution  of  our  work. 

Their  memoirs  were  presented  to  the  ^'  SocUU  d^ encouragement 
pour  IHndustrie  nationale^^  of-Paris,  in  October,  1846;  and  Lam 
indebted  to  J.  P.  Benjamin,  Esq.,  of  New  Orleans,  for  copies 
thereof,  which  M.  Clertret  did  me  the  honor  to  send  me,  at  tkis  in- 
stanc.e,  and  by  his  haad.  For  detailed  information  the  reader  may 
refer  to  the  ^^  Bulletin  de  la  Soci^U  d^ encouragement ^^^  and  to  an 
article  by  Mr.  Benjamin,  in  De  Bow's  Commercial  Review,  vol.  y., 
.  p.  357,  April,  1848.  The  following  reports  of  a  committee  of  the 
Academy  of  Sciences,  extracted  from  the  Comptes  Rendus  des 
Seances  of  February,  1848,  furnish  a  critical  ancT  correct  abstract 
of  the  whple'Subject: 

"  REPORT  ON  THE  SACCHARIm£t£R  OF  M.  SOLEIL." 
*'  (Commitee,  MMT.  Ar«go,  Regnaalt,  and  Babinet)." 

^^  M^  Soleil  has  presented  to  the  academy  three  communications 
relative  to  the  principles  which  have  guided  him  in  the  construc- 
tion of  a  saccharimeter  adapted  to  the  wants  of  the  manufacturing 
industry.  The  first  (see  Comptes  Rendusy  23d  of  June,  1846,)  con- 
tains the  description  oT  a  new  mode  of  observing,  by  means  of  a 
double  circular  plate  of  rock  crystat,  of  which  the  two  semn^ircles 
are  formed  of  plates  of  the  same  thickness,  but  of  opposite  rota- 
tions. The  second  {Comptes  RenduSy  August  18th,  1845)  refers  to 
a  compensating  prism  of  variable  power,  producing  at  wilUa  rota- 
tion to  the  right  or  to  the  left.  Lastly,  the  third  {Comptes  RenduSj 
^ay  31st,  1847)  gives  an  account  of  an  illuminator  of  variable  tints, 
designed  td  permit  the  most  suitable  one  to  be  employed;  according 
to  the  nature  of  the  light  which  traverses  the  saccharine  "solution, 
the  degree  of  transparency  or  coloration  thereof,  and  the  individual 
disposition,  permaaent  or  s^ccidental,  of  the  eye  of  the  observer,'^ 
,  **  After  the  discovery  of  polarization  by  Malus,  and  that  tff  chro- 
matic polarization  by  M.  Arago,  which  he  observed  in  crystalline 
plates,  in  quartz  cut  perpendicularly  to  the  axis,  and  even  in  un- 
crystallized  bodies,  such  as  various  specimens  of  flint-glass,  &c.> 
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M.  Biot  studied  the  phenomena  of  rotation  of  rock  crystal  traversed 
by  polarized  rays  in  the  direction  of  the  axis,  and  discovered  that 
liquids  and  even  vapors  may  possess  rotary  properties.  Few  scien- 
tific facts  have  excited  so  much  astonishment  as  this  action  upon 
light,  an  action  wholly  independent  of  crystalline  form,  as  well 
aa  of  the  consistence,  whether  solid,  liquid,  or  gaseous,  of  the 
bodies  which  exert  it.  M.  Biot  ascertained  that  bodies  retain  their 
rotary  powers  without  change  of  its  direction,  in  solutions,  in  mix- 
tures, and  even  in  many  chemical  combinations;  so  that  the  rota«- 
tion  produced  by  the  compound  or  mixture  is  in  proportion  to  the 
quantity  of  the  substance  endowed  with  rotary  power  which  it 
contains.  He  thus  showed  the  moleculflkr  character  of  the  action 
which  he  had  discovered,  and,  at  the  same  time,  distinguished  be- 
tween it  and*  the  analogous  action  of  quartz, 'which  does  not  pre- 
serve this  faculty  in  transparent  silicious  mixtures,  which  are  either 
amorphous,  hydrated,  melted,  dissolved  in  potash,  or  deposited  in 
the  vitreous  state  without  crystallization.  Lastly,  he  had  the  im- 
portant idea  of  employing  the  rotating  power  of  solutions  in  the 
chemical  analysis  of  a  compound,  for  the  determination  of  the 
quantity  c^  an  active  substance  when  combined  with  others  of  neu- 
tral character,  by  means  of  the  optical  effects  it  produces.  Sac- 
charine solutions  attracted  his  attention  more  especially,  by  reason 
of  the  industrial  importance  of  processes  which  make  known  the 
quantity  of  crystallizable  sugar  contained  in  a  liquid  more  or  less 
concentrated.  M.  Biot  has  set  forth,  in  full  detail,  the  precautions 
to  be  observed  in  measuring  rotations  with  the  utmost  precision. 
He  places  his  apparatus  in  a  dark  chamber;  selects  the  white  light 
of  certain  clouds  in  a  particular  state  of  the  atmosphere;  operates 
upon  liquids  sufficiently  decolorized;  measures  the  angular  devia- 
tion of  the  plane  of  polarization  of  the  polarized  ray  which  has 
traversed  the  liquid;  and  has  most  happily  selected  a  tint,  which 
he  justly  calls  the  sensible  tint j  and  which  is  such  that  the  least 
deviation  of  the  analyser  in  azimuth  causes  it  to  change  rapidly; 
so  that  an  observer,  with  a  little  practice,  can  readily  seiae  this 
tint  exactly  and  determine  it  with  certainty,  in  the  normal  state  of 
the  eye  when  protected  by  darkness.  To  M.  Biot  is  also  due  tk% 
important  discovery  that  saccharine  solutions  follow  the  same  laws 
as  rock  crystal,  in  their  action  upon  the  planes  of  polarization  of 
rays  of  different  colors;  so^  that  it  is  always  possible  to  compensate 
the  action  of  a  certain  thickness  of  a  solution  by  that  of  a  plate  of 
rock  crystal  of  suitable  thickness  and  inverse  rotation." 

^^It  is  upon  this  last  property  that  M.  Soleil  has  founded  the 
measurement  of  the  rotating  power  of  a  saccharine  liquid— the  chief 
object  of  his  instrument.  He  substitutes  for  the  graduated  circle^ 
a  compensator  formed  of  two  prisms  of  rock  crystal,  eut  perpendic- 
ularly to  the  axis,  moveable  one  upon  the  other,  and  forming  a 
plate  of  variable  thickness,  which,  combined  with  a  plate  of  con-, 
stant  thickness  and  inverse  rotation,  furnishes  a  neutral  system  for 
a  normal  position  of  the  two  prismatic  lamime.  If,  by  a  suitable 
sliding  motion,  the  combined  thickness  of  the  two  laminae  be 
increased,  a  resultant  rotation  is  obtained  in  the  direction  of  their 
35 
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action »  and  proportional  to  the  excess  of  the  combined  thickness  of 
the  two  prisms  oyer  that  of  the  invariable  plate.  If  an  inverse 
rotary  effect  is  desired^  the  prisms  are  made  to  slide  upon  each 
other)  so  as  to  diminish  their,  thickness,  and  the  power  of  the  inva- 
riable plate  then  predominant^  will  produce  an  excess  of  rotation 
in  the  direction  proper  to  it,  and  proportional  to  its  excess  of  thick- 
ness. According  to  the  practical  desiderata,  the  degree  of  preci- 
sion  required  by  the  nature  of  saccharine  solutions,  and  the  fixed- 
ness of  their  action,  M.  Soleil  has  seen  fit  to  graduate  the  scale  to 
correspond  to  variations  of  hundredths  of  the  millimetre  in  the 
the  thickness  of  the  quartz,  which,  by  reason  of  the  inclination  c^ 
the  prismatic  laminae,  may  be  easily  read  off  by  a  vernier,  without 
a  microscope.  This  quantity  corresponds  nearly  to  the  quarter  of 
a  degree  in  deviation  of  the  plane  of  polarization.  The  solutionis 
contained  in  a  tube,  20  centimetres  long — the  length  which  practice 
has  indicated  to  be  the  most  suitable.  Liquids  of  even  a  consider- 
able degree  of  color  may  be  operated  upon  with  them.*  The  ro- 
tating power  of  a  liquid  is,  therefore,  determined  by  the  number  of 
hundredths  of  a  millimetre  of  quartz  which  compensates  its  action; 
and  preliminary  experiments,  upon  the  compensation  .of  known 
synthetic  solutions,  having  made  known  the  compensations  cor- 
responding to  given  proportions,  reciprocally  the  proportions  of 
solutions  are  deduced  from  the  compensations  required." 

''The  employment  so  advantageously  made  by  M.  Boit,  of  the 
clear  violet  blue,  or  set^sible  tintj  {Jleur  de  /tn,)  to  obtain  a 
certain  and  accurate  mode  of  determination  of  rotating^  powers 
should  be  followed  in  every  saccharmetric  apparatus.  M.  Soleil 
has  added  to  it  an  ingenious  arrangement,  which  dispenses  with 
the  necessity  of  retaining  that  sensible  tint  in  the  memory;  avoids 
the  obligation  of  placing  the  eye  in  normal  conditions,  and,  at  the 
sanLe  time,  does  away  with  the  fear  of  different  judgments,  depen- 
dent upon  diversity  of  sight  in  observers." 

^'For  this  purpose  he  places  in  advance  of  the  saccharine  solu- 
tion, and  immediately  behind  the  polarizer,  a  system  composed  of 
two  juxtaposed  plates  of  rock  crystal  of  equal  thicknesses,  but  of 
opposite  rotations,  which  present  two  semicircular  disks  of  different 
color  as  soon  as  the  action  of  the  liquid  and  that  of  the  compensa- 
tor cease  to  be  equal;  for  then,  the  effect  produced  being  added  to 
that  of  one  of  the  plates,  and  subtracted  from  that  of  the  other,  the 
double  difference  manifests  itself  immediately  by  a  dissimilarity  of 
tints  in  the  two  demi-disks.  Multiplied  experiments  have  shown  that 
the  action  of  laminae  of  quartz,  made  as  thin  as  possible,  as  well  as 
that  of  very  dilute  solutions  of  sugar,  can  be  observed  and  measured 
in  this  manner,  with  as  much  facility  as  that  of  rich  solutions." 

^'When  the  plate  of  M.  Soleil  is  of  the  thickness  3.75  millime- 
tres, it  gives,  in  the  ordinary  image  of  the  two  demi-disks,  the  sensible 


*  ''According  to  M.  Clerget,  it  is  also  for  tbc  yrarpose  of  avoiding  honoffeoeoiia  light, 
vbiob  does  not  answer  well  for  the  use  of  sensible  tints,  that  deeply  coloured  liquids  sbould 
not  be  employed." 
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tint  of  M.  Biot;  aad,  in  the  extraordioary,  a  yellow  tint.  WIA 
7.60  millimetres,  the  sensible  tint  is  in  the  extraordinary  im»g<^ 
and  the  yellow  tint  in  the  ordinary.  Either  of  these  thioknessci 
may  be  employed.     M.  Soleil  prefers  the  last." 

^^The  double  effect  of  diminution  on  one  side,  or  in  one  oi 
the  semi- circular  disks,  and  of  augmentation  on  the  other,  sho^m 
the  action  of  an  active  solution,  by  a  difference  of  tints  in  the  tw9 
demi- disks,  which  is  .always  beyond  mistake,  because  the  tw# 
objects  of  comparison  are  presented  toeether.*  The  advantages 
of  this  ingenious  arrangement  of  M.  Soleil,  in  a  great  number  «ff 
cases,  have  been  pointed  out  by  M.  Biot,  (M6m.  de  I'Acad.  t.  XX, 
1846;  Comptes  Rendus^  t.  XXI,  page  452.)  M.  Arago,  by  sub- 
stitutine  for  the  single  plate  of  his  polariscope,.  already  so  perfecfjp 
the  double  plate  of  M.  Soleil,  has  obtained  several  important  ad- 
vantages, among  others  the  determination  of  the  plane  of  polaricft- 
tion,  which  is  directed  along  the  line  of  the  centres  of  the  tw« 
disks,  when  the  two  demi-disks  are  of  .the  same  tint,  especially  ui 
the  case  of  colored  light,  which  causes  some  difficulty  in  the  esti- 
mation of  the  direction  of  the  plane  of  polarization,  by  means  dF 
that  instrument.  Also,  in  the  instrument  of  Mr.  Soleil,  the  con- 
stancy of  particular  indications,  and  the  concordance  of  the  results 
obtained  by  different  observers,  leave  no  doubt  of  the  precision  sf 
the  observations,  especially  when  the  illuminator  is  added,  for  the 
purpose  of  obtaining  the  most  sensible  tint  which  is  adapted  !• 
each  particular  case." 

^'This  third  element  of  the  apparatus  of  M.  Soleil  is  designed  t« 
produce  an  illumination,  such  that,  without  decolorizing  the  liquid 
and  with  the  employment  at  will  either  of  daylight  or  the  conve- 
nient light  of  a  lamp,  an  observer  may  operate  with  a  very  sensible 
tint,  selected  according  to  the  nature  of  the  liquid  and  his  owm 
eye.  M.  Soleil  at  first  made  use  of  several  colored  glasses,  whick 
he  placed  in  front  of  the  apparatus,  and  by  successive  trials  ch«se 
that  which  produced  ,the  tint  which  varied  most  rapidly  with  the. 
motion  of  the  compensator,  and  thus  gave  the  greatest  precisios. 
The  new  illuminator,  which  gives  readily  a  great  number  of  differ-' 
ent  tints,  without  great  loss  of  light,  i?  simply  a  plate  of  rock 
crystal,  about  six  millimitres  thick,  placed  behind  a  NicoPs  prism 
and  in  front  of  the  polarizer  of  the  apparatus.  The  polarizer  de- 
velopes  in  the  polarized  light,  which  thus  reaches  it  through  tlbe 
plate  of  quartz,  the  ordinary  colors;  which,  as  is  well  known,  offer 
a    great    variety  of  tints.     To    determine,  among    them    all^  that 


*  To  show  that,  without  the  normal  conditions;  to  exactly  deeoribed  by  M.  Biot,  aal 
aeoessaiy  for  certainty  in  observation ,  serious  errors  may  be  oommitted,  M.  Soleil  has  coa- 
stmcted  an  apparatus  with  a  divided  limb,  famished  with  a  plate  of  ^ aarta,  ffi^i^  the  eea- 
sibletint.  If  m  tlie  open  air,  this  tint  be  made  to  appear,  by  pointmg^  to  a  portion <«f« 
moderately  bright  cloud;  it  will  become  red  by  pointing  to  a  more  flluminated  part  thered; 
and  bine  when  upon  a  mo^e  obscure  portion.  If,  by  moving  the  analyser,  the  sensible  tint « 
reproduced,  in  each  iostanoe,  great  difierences  m  the  angles  of  deviation  will  be  ^ 
served.  In  several  experiments  the  difference  amounted  to  four  degrees.  If  the  useful  sat 
indispensable  precautions,  recommended  by  M.  Biot,  are  neglected,  the  blue  of  the  sky,  aal 
other  meteorological  circumstances,  may  cause  errors  even  of  eigb^  degrees. 
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which  is  most  sensible,  identity  in  the  two  demi-disks  for  any  one 
of  them  is  produced;  and,  if  there  is  one  more  sensible  than  the 
rest,  it  will  be  that  which|  in  a  given  position  of  the  compensator, 
shows  a  difference  in  the   demi-disks,  while    the    others  cause  no 

fierceptible  dissimilarity.  It  is  evident  that  the  identity  obtained 
or  this  tint  subsists  with  greater  force  for  all  the  others;  and  it  is 
interesting  to  observe,  how  much  the  nature  of  this  sensible  tint 
varies  for  the  particular  liquid,  light,  and  in'dividual  peculiarity  of 
the  eye,  and  how  useful  it  is  to  be  able  to  extend  to  any  cases 
whatever  the  important  practice  of  M.  Biot" 

<^We  have  made  several  trials  of  the  apparatus  of  M.  Soleil,  and 
particularly  in  the  truly  saccharimetric  laboratory  of  M.  Clerget. 
It  would  be  too  tedious  to  enumerate  all  the  various  contrivances 
and  arrangements  which  have  been  invented  to  meet  the  wants 
which  practice  has  indicated.  The  zero  point,  or  origin  of  the 
scale  of  the  compensator,  is  easily  obtained,  and  the  divisions  by 
hundreths  of  a  millimetre  of  quartz,  which  correspondt  to  about  fif- 
teen minutes  of  deviation  of  the  plane  of  polarization,  each  are 
sufficiently  close.*  The  adjustment  acquires  a  very  great  precision, 
by  means  of  an  eye  piece  analogous  to  a  small  Gulilean  telescope; 
and  the  illuminator  itself  is  followed  by  a  collimator,  which  is 
very  useful  for  the  intensity  of  the  light,  and  to  prevent  the  in- 
jurious reflexions  from  surfaces  behind  the  Nicol's  prism,  etc." 

^'With  respect  to  the  saccharimetric  observations  themselves,  to 
which  the  instrument  of  M.  Soleil  is  applicable  with  the  greatest 
precision,  and  by  means  of  which  it  has  been  several  times  im- 
proved in  its  arrangements;  since  these  various  processes  are  a  verj 
different  thing  from  the  instrument  itself,  of  which  they  employ 
the  indications,  we  will  defer  on  account  of  them  until  we  shall 
present  a  report  on  the  labours  of  M.  Clerget  in  relation  to  3ac- 
charimetry." 

^4n  recapitulation,  the  instrument  of  M.  Soleil  is  of  convenient 
dimensions,  and  accurate  indications;  it  gives  by  compensation  ez- 
pct  measurements  of  the  proportions  of  saccharine  solutions,  often 
without  requiring  them  to  be  first  decolorized;  it  permits  a  sensible 
tint  to  be  easily  chosen;  it  is  adapted,. both  by  day  and  by  night| 
and  in  any  place,  to  the  use  either  of  natural  or  artificial  light, 
and  also  to  the  service  of  manufacturers;  lastly,  its  indications  al- 
ways accord  with  themselves,  and  require  no  previous  scientific 
knowledge  in  the  person  who  makes  use  of  it." 

^^Your  committee,  therefore,  propose  to  yeu  that  you  bestow 
approbation  upon  the  saccharimeter  of  M.  Soleil,  and  that  you  or- 
der the    notes,  relativie  to  the   compensation,  the  illumination  by 

-  - 

•  "  Tbe  prograBune  of  a  priae  oSUtd  by  the  SocHii  d*  tnevuragtmtnt  oalled  for  aprooeM 
whioh  will  determine,  wiihim  tv>o  ptr  onL,  the  riohnese  of  saecharine  eobetaaoea.  The  no- 
eharimeter  of  M.  Soleil  is  moch  more  exact.  It  should  not  be  for|p>tteii  that  the  instra* 
meat  is  a  saoeharimeter,  or  aa  iadostrial  iastrmAoat  of  safficient  preoisioa  for  the  pwpoaes  foe 
which  it  was  designed.  For  seientifie  inquiries  of  a  different  order.  If.  Biot  has  remafked, 
that  it  woold  be  necessary  to  modihr  it  in  several  of  its  arrangementSi  to  render  it  sosoepci- 
hie  of  Terifioation  by  tbe  observer  himself,  in  order  to  give  it  a  length  adapted  to  i»i<f*»^i^t 
researches,  and  to  suit  it  to  homogeaeoos  light.  These  modifications  have  sLready  been  par- 
tially executed  by  M.  3oliel,  hj  laeuu  «f  scTorai  purely  acientifio  contrivances. 
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yariable  tints,  aad  mode  of  obserying  by  means  of  similar  tints  in 
two  deml- disks  of  inverse  rotations,  together  with  the  drawings  of 
the  instrument,  and  the  details  of  its  construction,  to  be  published 
in  the  Recueil  des  Savants  etrangers.^^  * 

^^The  conclusions  of  this  report  were  adopted.'' 

'  REPORT  ON  THE  SACCHARIMETRIC  RESEARCHES  OF  M.  CLERQST." 
''(Committed,  MM.  Arago,  Regnanlt,  &iid  Babinet.)*' 

"The  importance  of  saccharimetryj  or  of  the  determination  of  th« 
quantity  of  crystallizable  sugar,  (C^^,  H",  O",  Dumas,)  contained 
in  a  given  solution,  is  placed  beyond  doubt  by  the  avidity  with 
which  industrial  persons,  both  agriculturists  and  refiners,  have 
sought  after  M.  Biot's  optical  instruments,  by  means  of  which  that 
indispensable  object  may  be  attained,  at  any  moment  in  the  course 
of  the  operations  of  their  factories.  M.  Biot,  after  having  origi- 
nated this  curious  branch  of  industrial  optics,  announced  that  he 
would  not  go  beyond  the  strict  wants  of  science,  to  devote  himself 
to  the  less  rigorous  exigencies  of  manufacturers.  He  left  to 
artists  the  responsibility  of  determining  what  degree  of  exactness 
should  be  given  to  ordinary  saccharimetric  apparatus;  and  they  could 
avail  themselves, of  the  numerous  results,  which  M.  Biot  had  de- 
duced from  his  labors  in  relation  to  the  tint  to  be  chosen,  the 
amount  and  direction  of  the  rotation,  the  inversion  by  acids,  the 
laws  of  compensations,  &c.  The  academy  has  already  given  its 
approbation  to  the  saccharimeter  of  M.  Soleil,  designed  especially 
for  industrial  purposes.  The  labors  of  M.  Clerget,  who  employe 
that  instrument,  have  for  their  object  to  render  exact  all  the  pre- 
cautions which  must  be  taken,  as  well  as  the  manipulations  awd 
.apparatus  to  be  used,  in  order  to  ascertain  with  certainty  the  pro- 
portion of  sugar  in  a  saccharine  liquid,  which  has  been  extracted 
from  a  crude  substance,  then  defecated,  rapidly  subjected  to  in- 
version, and  measured  in  graduated  vessels  of  convenient  capacity. 
For  this  purpose  be  has  constructed  a  table,  which  dispenses  with 
all  calculations,  and  n&akes -known  the  proportions  of  sugar  direct- 
ly; the  influence  of  Hemperature  upon  the  rotary  powder  of  the  su- 
gar which  his  been  inverted  being  taken  into  account. 

^^The  mechanical  contrivances  of  M.  Clerget,- which  we  exhibit 
to  the  academy,  are,  (independently  of  the  saccharimeter  of  M. 
Soleil,) 

^^  1st.  A  metallic  extractive  press,  of  a  power  equal  to  that  of 
cane  mills,  which  serves  for  experiments  upon  various  parts  of 
regetable  substances. 

^^  2d.  Graduated  vessels  for  defecation  and  filtration.  Aftet 
numerous  experiments,  M.  Clerget  has  fixed  upon  fish  glue  and  al- 
cohol as  the  agents  for  obtaining  a  cokiiplete  defecation,  and  a 
ready  filtration. 

^^3d.  Various  tubes  and  measures,  for    decolorization by  means, 
of  animal  charcoal.     In  this  connexion    M.  Clerget  has  made   the 
irportant  discovery   that  the  first  portions  -  of  a  saccharine  liquid 
which  pass  through  bone  black   are  weaker  than  those  which  pass 
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Mlwcqtaentlyy  the  latter  alone  retaining  their  primitive  strength. 
M  graduated  vessel  shows  the  quantity  of  the  liquid  which  should 
1»  txcluded  at  first,  in  order  to  obtain  the  real  title." 

^M.  Clerget  has  also  ascertained  that,  in  some  cases,  and  partic- 
ularly in  the  analysis  of  brown  sugars-,  the  double  operation  of 
Atfecation  and  decolorization  is  advantageously  obtained  by  means 
•1^  subacetate  of  lead;  the  powerful  action  of  which  upon  coloring 
matters  is  well  known." 

"4th.  Several  graduated  vessels  with  a  thermometer,  for  per- 
inntting  inversion  by  acids.  By  elevating  the  temperature  to  GS"^ 
MBligrade,  by  means  of  a  spirit  lamp,  and  employing  concentrated 
jkjdrochloric  acid,  as  M.  Biot  had  done,  in  quantity  sufficient  to 
i^^ease  the  volume  of  the  solution  one-tenth,  M.  Clerget  obtains 
»  complete  and  certain  inversion  in  less  than  fifteen  minutes." 

^  It  is  known  that  this  curious  property  of  inversion  in  the  di- 
Mction  of  the  rotary  power,  so  well  rendered  useful  by  M.  Biot, 
Mongs  exclusively  to  cane  sugar,  (C*'  H'*  O",)  which  is  extracted 
alao  from  several  other  plants;  and  that  it  serves  to  determine  the 
^aotity  of  that  sugar  contained  in  any  mixture  whatever.  Mr. 
MUscherlich  first  found  that  temperature  exerts  a  considerable  in- 
Snence  upon  the  rotary  power  of  cane  sugar  after  inversion.  M. 
Clerget,  who  had  independently  observed  the  same  influence,  studied 
ii  with  the  greatest  care;  he  spared  neither  time  nor  pains  to  ob- 
tun  its  ratio;  and  the  result  of  his  labor  is  an  extended  table  for 
^eimining,  at  any  temperature,  the  saccharimetric  title,  from  a 
kaawledge  of  the  number  of  divisions  indicated  by  the  sacchari- 
Beter,  before  and  after  inversion." 

"Lastly,  various  measures  graduated  by  volumes  of  50  and 
KK)  cubic  centimetres,  or  more,  and  in  equal  divisions.  In  eack 
measure  a  quantity  of  crystallized  rock  candy  is  dissolved,  sufficient, 
to  cause  the  saccharimeter  to  indicate  100  divisions.  M.  Clerget 
iads  that  16.471  grammes  of  sugar  is  requisite  for  100  cubic  cen- 
tMietres." 

*^The  following  is,  in  few  words,  the  mode  of  obtaining  a  mea- 
sure* The  above  mentioned  normal  liquid  is  put  into  the  tube  of 
Ike  saccharimeter,  20  centimetres  long.  It  marks  100  divisions, 
when  the  color  of  the  two  demi-disks  is  brought  to  identity.  The 
itTersion  is  performed,  and  30  divisions,  for  example,  are  observed 
ia  the  opposite  direction,  at  the  temperature  of  the  experiment, 
^eiice,  a  range  of  130  divisions  is  produced  by  the  given  propor- 
link  of  sugar.  If  now,  another  solution  be  examined  and  found  to 
give  80  divisions  to  the  right,  and  then,  after  inversion,  10  divisions 
to  the  left,  we  have  a  range  of  90  divisions;  and  the  ratio  of  90 
to' 130  will  be  that  of  the  quantity  of  sugar  contained  in  the  second 
Miotion  to 'the  quantity  contained  in  the  first;  the  proportion  of 
•sgaK  in  a  solution  under  examination  may  thus  be  determined. 
But  the  table  of  which  we  have  spoken  dispenses  with  the  neces- ' 
aiAy  ^{  this  calculation;  it  gives  at  once  the  strength  of  the  solu- 
Imb  observed  before  and  after  inversion,  corresponding  to  the  in- 
^cations  of  the  saccharimeter  and  the  degree  of  the  thermometer. 

^^  To  arrive  at  precise  results,  and  to  furnish  instruments  of  cer. 
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tain  and  ready  manipulation ,  M.  Clerget  has  evinced  a  patience 
and  dexterity  which  hare  surmounted  all  difficulties.  The  meas- 
urement of  the  action  of  the  temperatures  upon  the  coefficient  of 
inversion  alone  required  situations  of  invariable  temperatures)  ex- 
tended media  to  avoid  the  influence  of  surrounding  bodies,  and  re- 
peated observations  to  establish  the  constancy  of  the  effects.  Last- 
ly, his  whole  system  of  manipulations  has  been  brought  to  the 
point  that,  for  a  long  time,  a  practical  trial,  not  less  enlightened 
than  assiduous,  has  found  in   it  nothing  to  change." 

^^This  report  b%ing  confined  to  saccharimetry  itself,  we  will  ab< 
stain  from  mentioning  the  numerous  results  obtainedby  M.  Clerget, 
comprising  the  analysis  of  a  great  number  of  vegetable  sacchlri- 
ferous  substances,  the  assaying  of  brown  sugars,  either  alone  or 
mixed  together,  the  more  intelligent  management  of  the  processes 
of  manufacture;  lastly,  the  study  of  the  influence  of  different 
modes  of  culture  upon  the  saccharine  richness  of  the  products." 

"  The  academy  being  called  upon  to  judge  of  the  merit  of 
app1i(;ations  of  scientific  principles  of  general  utility,  will  re- 
gard  with  favor  the  persevering  and  conscientious  researches  of  M. 
Clerget,  which,  without  doubt,  are  of  a  nature  to  facilitate  the  pro- 
gress of  industry,  by  furnishing  it  with  a  complete  optical  sac- 
charimeter.  The  politico-economical  questions  relative  to  the 
production  of  domestic  and  colonial  sugar,  to  the  rates  of  impost, 
and  to  the  interests  of  navigation  and  commerce,  add  much  more 
to  the  value  of  the  determinations  which  may  be  accomplished  by 
means  of  the  saccharimetric  processes  of  M.  Clerget." 

^^  Your  committee  recommend  that  you  bestow  your  approbation 
upon  the  researches  and  instruments  of  M.  Clerget;  and  that  you 
order  the  communications  which  he  has  made  to  the  institute,  as 
well  as  the  table  of  strengths  of  saccharine  solutions,  determined 
with  regard  to  the  temperature,  together  with  exact  diagrams,  upon 
a  scale  of  sufficient  size,  of  all  the  apparatus  he  employs,  to  be 
published  in  the  Recueit  des  Savants  Eirangers.^^ 

"  The  conclusions  of  this  report  were  adopted."  x 


NOTE  B. 
ANALYSES  BY  MM.  CLERGET,  CASASECA,  AND  PELIOOT. 

The  following  analysis,  by  M.  Clerget,  extracted  from  the 
memoir  above  mentioned,  {Bull,  de  la  Societe  d^ encouragement^ 
1846,  p.  652,)  is  in  accordance  with  those  given  by  myself  in  arti- 
cles 12,  13,  and  17  of^ny  third  report: 

^^A  portion  of  an  Otaheite  cane,  cultivated  in  the  West  Indies, 
weighing  200  grammes,  was  subjected  to  the  action  of  the  press, 
and  left  a  pulp  weighing  48  grammes.  It  yielded,  therefore,  152 
grammes  (76  p.  ct.)  of  juice,  of  which  the  specific  gravity  waa 
1.085  at  15°  centigrade;  and  this  juice,  observed  by  means  of  the 
saccharimeter,  caused  a  deviation  to  the  right  of  124^  of  the  ver- 
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Bier.  How,  by  multiplying  this  number  of  degrees  by  16.471|  and 
dividing  the  product  by  10,  we  find  the  quantity  of  sugar  per  litre 
of  juice  to  be  204.24  gr.,  and  such  is  in  fact  the  number  found  in 
the  table  corresponding  to  the  indication  124^;  also,  the  following 
proportion,  1086  (weight  of  the  litre)  :  204.24  (weight  of  the 
sugar)  :  :1  :Xj  giving  for  x  the  value  0.1882,  shows  that  this  juice 
contained  18.82  per  cent,  of  sugar.  Lastly,  by  multiplying  0.1882  « 
by  162  gr.,  the  weight  of  the  expressed  juice,  we  obtain  the  total 
amount  of  sugar  contained  in  the  juice  which  200  gr.  of  the  cane 
yielded  by  pressure  alone,  28.6  gr.,  or  14.3  per  cent,  of  the  weight 
of  the  cane." 

In  the  Ann.  de  Chim.  et  de  Phys.j  t.  xi.,  p.  39,  to  which  I  have 
refered  in  article  13,  Mr..  Casaseca,  professor  of  chemistry  in  the 
university  of  Havana,  gives  the  following  analysis  and  criticisms 
upon  those  of  M.  F^Iigot.  He  obtained  from  Creole  cane  juice,  of 
the  density  11^  Baum6  at  33^  centigrade,  by  evaporation  and  wash> 
ing  with  hot  alcohol  of  the  density  38^  Baum6,  21.2  per  cent,  of 
dry  solid  matter.  Also  100  grammes  yielded,  by  incineration,  0.14 
ashes;  and  200  grammes  gave,  with  subacetate  of  lead,  a  precipi- 
tate which  lost  0.24  of  Organic  matter.  Hence  Mr.  Casaseca  de- 
duces the  composition: 

Water 78.80 

Sucar 20.94 

Ashes 0.14 

Organic  matter 0. 12 

100.00 

M.  P^ligot  obtained  for  Otaheite  cane  juice,  from  Martinique, 
91.3  per  cent,  of  solid  matter.  Also,  '^170  cubic  centimetres  of 
this  juice,  of  the  density  1 .088,  left  0.32  gr.  of  white  silicious  ashes, 
analogous  to  those  produced  by  the  incineration  of  the  graminea. 
In  a  second  experiment,  300  c.  c.  left  0.66  of  ashes,  which  gives 
0.17  for  100  of  juice."  From  these  data,  M.  P61igot  erroneott«/y 
stated  the  composition  of  the  cane  juice  to  be  20.9  sugar,  77.17 
water,  1.7  mineral  salts,  and  0.23  organic  matter.  This  error  M. 
Casaseca  attributes  to  inadvertancy,  and  corrects  by  giving  the  fol- 
lowing composition  as  the  result  of  M.  P^ligot's  analysis: 

Water 78.70 

Sugar 20.90 

Ashes 0,17 

Organic  matter 0.23 

100.00 

From  the  close  accordance  between  these  proportions  and  those 
of  his  own  analysis,  Mr.  Casaseca  argues  that  soil  and  climate  caose 
sane  juice  to  vary  only  in   the  quantity  of  water  it  contains,  the 
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saline  and  other  iAipurities  being  only  thou^ndths^  and,  therefore^ 
inconsiderable  in  quantity  or  importance. 

Mr.  Casaseca  also  dried  920  grammes  of  Creole  cane,  for  12  hours^ 
at  the  temperature  of  boiling  water,  after  which  it  weighed  313.6 
gr.;  having  therefor  lost  606.5  gr.  of  water  b]f  evaporation.  Hence 
he  deduces: 

Water 65.9 

Add  sugar ' 17.7 

Juice  •• 83.6 

Woody  fibre ; 16.4 

100.0 


This  result  accords  very  closely  with  that  which  I  have  given  in 
article  22  of  my  third  report,  and  it  does  not  differ  much  from  the 
analysis  of  the  same  variety  of  cane  mentioned  in  article  8  of  the 
same  report.  It^  however,  differs  very  considerably  from  the 
results  obtained  by  M.  P^Iigot,  which  are  contained  in  his  memoir 
on  the  composition  of  the  sugar  cane  of  Martinique,  and  in  his 
report  to  Admiral  Duperr6  on  the  manufacture  of  sugar  and  the 
composition  of  the  sugar  cane.  I  extract  from  M.  Boussingault's 
Rural  Bconomy  the  following  table,  containing  the  condensed 
results  of  M.  P^ligot's  experiments: 


First  shoots,  (plant  canes) 

Second  shoots,  or  first  rattoons., 
Third  shoots,  or  second  rattoons 
Fourth  shoots,  or  third  rattoons. 

Knots  of  the  cane  . « 

Cane  of  eight  months 

Cane  of  ten  months < 

Inferior  part  of  the  cane 

Middle  part  of  the  cane , 

Upper  part  of  the  cane , 


Water. 

Sagar. 

73.9 

17.2 

71,7 

17.8 

71.6 

16.4 

73,0 

16.8 

70,8 

12.0 

73.9 

18.2 

72.3 

18.6 

73.7 

15.6 

72.6 

16.6 

72.8 

16.5 

Woody 
fibre. 


8.9 
10.6 
12.0 
10.2 
17.2 
7.9 
9.2 
10.8 
10.9 
11.7 


As  Mr.  Casaseca  and  myself  agree  in  making  the  proportion  of 
'woody  fibre,  contained  in  the  Creole  or  crystalline  cane  of  the  isl- 
and of  Cuba,  equal  to  16  per  cent,  nearly,  there  can  be  little  doubt 
of  the  probability  of  this  result.  The  question  naturally  arises, 
ther«fore,  how  can  this  fact  be  reconciled  with  those  contained  in 
the  above  table  compiled  from  M.  P^Iigot's  report?     In  the  first 
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place,  I  will  state  that  Mr.  Casaseca's  paper  was  unknown  to  me 
at  the  time  when  I  was  engaged  in  the  experiments  made  by  me  in 
Cuba;  our  results  are,  therefore,  entirely  independent.  I  may  also 
state  that  M.  P6Iigot's  report  had  not  been  previously  seen  by  me; 
I  had  ordered  it  from  France,  but  did  not  receive  it  before  my  third 
report  was  printed  and  published.  Secondly,  while  I  forbear  to 
claim  for  my  own  results,  though  confirmed  by  those  of  Mr.  Casa- 
seca,  that  full  degree  of  confidence  to  which  they  would  be  enti- 
tled, if  not  discordant  with  those  of  M.  P^ligot,  I  venture  to  offer 
the  following  criticisms  as  reasons  why,  in  my  opinion,  M.  P6Iigot's 
conclusions  may  be  erroneous. 

In  his  memoir  on  the  composition  of  the  cane  of  Martinique, 
pages  28  and  29,  M.  P6Iigot  states  that  the  dried  cane  when  re- 
ceived by  him  was  partially  decomposed;  that  he  could  no  longer 
obtain  from  it  crystallizable  sugar  only;  yet,  from  Xhese  fermented 
canes,  (^^6videmment  alt6r6es'')  he  has  deduced  (see  page  26)  the 
composition  of  fresh  Otaheite  cane,  in  the  following  manner: 

^^M.  Gradis  obtained  for  me,  from  Martinique,  several  kilogram- 
mes of  cane,  dried  in  iai  furnace  at  60^.  According  to  a  note  sent 
to  me  by  him,  M.  Peraud  had  obtained  from  24  kilogrammes  of 
fresh  cane  7^  kilogrammes  of  dried  cane.  They,  therefore,  con- 
tained 68.7  per  cent,  of  water.  But  their  desiccation  was  not  com- 
plete; for,  by  exposing  them,"  (after  they  reached  Paris,  and  when 
"6videmment  aU6r^es")  "to  the  temperature  of  100°  cent.,  they 
lost  9  or  10  per  cent,  more  of  water.  From  which  data,  the  com- 
position of  the  fresh  cane  should  be  72  per  cent,  of  water  and  28 
per  cent,  of  solid  matter." 

Now,  how  can  we  know  that  this  loss  of  ^^9  or  10  per  cent,  more" 
was  due  to  desiccation  alone?  Or  rather,  when  fermentation  has 
once  taken  place  in  an  organic  substance  of  so  complicated  a  na- 
ture as  dried  sugar  cane,  what  connexion  has  the  fact,  that  it  will 
then  lose  9  or  10  per  cent,  by  drying  in  a  stove  at  100^  cent.,  with 
its  composition  when  fresh  and  unaltered'?  These  remarks  are  not 
made  in  disparagement  of  the  value  of  M.  P^ligot's  researches, 
still  less  in  censure  of  himself.  If  he  has  erred,  he  will  be  one  of 
the  first  to  admit  the  error,  and  his  reputation  rests  upon  too  solid 
a  foundation  to  be  affected  by  any  trifling  mistake  which  he  may 
have  committed. 

As  M.  P6ligot  followed  the  same  method  in  his  experiments  upon 
the  specimens  sent  to  him  from  Guadaloupe  by  M.  Dupuy,  it  may 
not  be  uninteresting  to  construct  from  the  data  furnished  by  the 
memoranda  of  M.  Dupuy,  and  given  by  M.  Peligot  in  his  report, 
another  table  showing  the  results  of  the  drying  performed  in  the 
island,  by  exposing  the  pieces  of  cane  for  24  hours  to  the  tempera- 
ture of  60^  to  80°  centigrade,  previously  to  putting  them  in  bottles 
for  exportation.     M.  Dupuy  thus  obtained — 
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From  plant  canes,  1st  shoots 
From  1st  rattoons,  2d  shoots 
From  2d  rattoonS)  3d  shoots 
From  3d  rattoons,  4th  shooti 

Knots 

Cane  of  eight  months 

Cane  of  ten-  months 

Inferior  part  of  the  cane.  .. 
Middle  part  of  the  cane.... 
Superior  part  of  the  cane  . . 


Water. 


73 

71 

71 

70.7 

70.6 

71.4 

71 

71.2 

71.4 

71.8 


mfttter. 


27 

29 

29 

29.3 

29.4 

28.6 

29 

28.8 

28.6 

28.2 


Juice. 


88.33 
85.91 
85.91 
85.55 
85  43 
86.39 
85.91 
86.15 
86.39 
86.88 


Woody 

abre. 


11.67 
14.19 
14.19 
14.45 
14.57 
13.61 
14.19 
13.85 
13.61 
13.12 


These  results  accord  with  those  obtained  by  me  in  Cuba,  (see 
arts.  6,  9,  21,  and  23  of  my  third  report,)  and  render  it  evident 
that  the  apparent  discordance  between  M.  P6Iigot's  analyses  and 
those  of  Mr.  Casaseca  and  myself,  is  due  solely  to  the  circumstance 
of  his  having  aJded  to  the  water  evaporated  in  the  island  the  loss 
sustained  by  the  canes  when  subjected,  in  Paris,  to  the  tempera- 
ture of  212^  Fahrenheit,  and  when,  in  all  probability,  their  com- 
position had  suffered  change  by  fermentation. 

In  De  Bow's  Commercial  Review,  of  July,  1848,  Mr.  Avequin,  of 
New  Orleans,  who  had  sought  to  determine  the  composition  of  the 
cane,  and  obtained  results  similar  to  those  arrived  at  by  M.  P61igot, 
has  attributed  extreme  negligence  to  me,  by  reason  of  the  discord- 
ance which  I  have  just  discussed.  The  reader  may  refer  to  his 
article,  and  to  the  reply  thereto,  in  the  October  number. 

Although  I  differ  from  M.  Pdligot  in  some  of  the  minor  conclu* 
sions  of  his  most  excellent  report  to  M.  Daperr6,  I  yet  agree  with 
him  in  very  many  of  the  views  which  he  has  adopted,  and  so  ably 
exposed  and  recommended.  That  report  was  known  to  me,  when 
I  submitted  the  results  of  my  own  work,  only  through  accounts 
and  reviews  of  it  in  the  writings  of  others.  Had  it  been  within  my 
reach,  I  should  have  extracted  much  from  it  which  I  was  compelled 
to  obtain  at  second  hand;  and  I  now  take  pleasure  in  giving  to  the 
reader  entire  a^ranslation  of  it,  with  the  remark  that  it  is  one  of 
the  most  frequently  quoted  and  valuable  documents  ever  written  in 
relation  to  the  sugar  industry. 


[50] 


556 

NOT£  C. 


A  report  to  Admiral  Duperre^  minister  of  the  navy  and  coloniesy 
relative  to  the  manufacture  of  sugar  and  the  composition  of  the 
sugar  cane.    By  Jlf.  E.  Peligotj  professor  of  chemistry^  tft.<f  ^c. 

Paeis,  June  17,  1842. 

Sib:  la  consequence  of  the  work  which  I  published  iii  Noyem* 
ber,  1839;. on  the  chemical  composition  of  the  sugar  cane  of  Mar^ 
tinifiue^  you  were  pleased  to  charge  M.  Dupuy,  pharmaceutist  of 
the  £rst  class  of  the  nayy,  wifh  a  special  mission,  having  for  its 
object  the  performance,  at  Guadaloupe,  of  a  series  of  new  experi- 
ments relatJTe  to  the  composition  of  the  cane,  and  the  transmission 
to  France  of  specimens,  designed  to  permit  me  to  continue  the  re- 
searches which  I  had  commenced  concerning  that  plant. 

I  submitted  to  you  in  December,  1839,  the  instructions  which 
you  did  me  the  honor  to  request  me  to  draw  up,  and  which  I  pre- 

{fared  in  concert  with  M.  de  Jabrun,  then  delegate  from  Guada- 
oupe,  for  the  guidance  of  M.  Dupuy,  pharmaceutist,  &c.,  in  the 
selection,  preparation,  and  transmission  of  the  various  substances. 
Those  instructions  contained  succinct  directions  for  the  labors  to 
which  he  should  devote  himself  upon  the  spot;  for  the  purpose  of 
completing  the  information  previously  acquired  in  relation  to  the 
composition  of  the  cane,  and  the  quantity  of  sugar  extracted  from 
it  in  Guadaloupe. 

M.  Dupuy,  pharmaceutist  of  the  navy,  has  performed  his  mission 
with  zeal  and  ability.  I  received,  in  October,  1840,  from  M.  le 
Baron  Roussin,  minister  at  that  time,  the  products  of  the  cane  sent 
by  M.  Dupuy;  they  were  accompanied  by  a  preliminary  report^ 
which  treatexl  of  their  origin,  of  their  preparation,  and  of  the  mean 
yield  or  product  of  th^  sugar  industry  in  Guadaloupe;  I  likewise 
received,  on  the  7rh  of  April,  1841,  through  the  minister  of  com- 
merce, the  second  report  sent  from 'Guadaloupe  by  M.  Dupuy,  in 
continuation  of  his  first  report;  lastly,  the  minister  of  commerce^ 
submitted  to  me,  on  the  I3th  of  December,  1841,  the  third  report 
which  M.  Dupuy  transmitted  in  the  month  of  September  last,  and 
which  contains  useful  information  concerning  experiments  tried  in 
relation  to  the  desiccation  of  the  cane,  and  the  extraction  of  the 
sugar  from  dried  cane,  as  a  manufacturing  operation. 

Conformably  to  the  request  which  you  made  of  ine,  I  shall  now 
present  to  you  a  condensed  analysis  of  the  three^eports  of  M. 
Dupuy.  I  will  discuss  the  results  presented  in  them,  indicating 
tUe  matters  which  seem  to  me  of  the  most  interest;  and  I  shall  in- 
troduce, in  this  discussion,  the  experiments  which  I  have  made 
upon  the  products  confided  to  me  for  examination,  as  well  as  those 
which  have  been  performed  by  other  chemists  since  the  publica- 
tion of  my  first  essay. 

I  will  also  reply  to  various  questions,  and  to  some  criticisms, 
addressed  to  me  upon  the  occasion  of  my  first  analyses;  and,  in 
short,  I  shall  endeavor  to  throw  light,  derived  from  the  numerous 
documents  which  we  now  possess,  upon  these  two  points,  the  most 
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important  Id  the  manufacture  of  sugar;  the   quantity  of  sugar  ex- 
tracted from  the  cane,  and  that  which  might  be  obtained  by  im-  . 
proved  methods. 

First  part  of  the  report  of  M.  Dupuy. 

In  his  introductory  remarks,  M.  Dupuy,  pharmaceutist  of  the 
navy,  after  giving  the  botanical  description  of  the  sugar  cane, 
enumerates  all  the  services  rendered  to  man  by  that  plant,  which,  ' 
besides  the  sugar  and  molasses,  so  useful  for  his  nourishment,  fur- 
nishes, in  its  woody  fibre,  a  valuable  fuel;  in  its  leaves,  a  manure; 
in  its  top,  when  green,  abundant  food  for  cattle;  and,  when  dry, 
covering  for  the  dwellings  of  the  negroes  and  for  the  beeassa 
houses.  He  states  that  in  Guadaloupe  the  Otaheite  cane  is  almost 
the  only  variety  which  is  planted,  and  that  this  large  and  robust 
variety  succeeds  equally  well  in  low  moist  soils,  and  upon  the  dry 
slopes  of  the  more  or  less  elevated  districts  of  the  colony.  But, 
adds  M.  Dupuy,  within  the  period  of  fifty  years,  during  which  it 
has  been  cultivated  and  propagated  by  cuttings  in  the  West  Indies, 
it  has  considerably  degenerated;  orders,  have,  therefore^  been 
given,  that  the  plant  be  renewed  by  fresh  importations  from  the 
fertile  plains  of  the  island  of  Otaheite. 

Is  this  d^eneration  of  the  cane  in  the  West  Indies  real?  Some 
experienced  colonists,  among  whom  is  M.  JoIIimont  de  Marcelles, 
of  Martinique,  doubt  its  truth;  while  many  others  admit  it,  by  rea- 
son of  the  circumstance  that  nobody  denies  the  fact  that  the  ex- 
traction of  sugar  was  formerly  more  easy  and  more  abundant  than 
at  present;'  so  that  it  seems  to  be  agreed  that  either  the  cane,  or 
the  manufacture  of  sugar,  has  degenerated  in  our  colonies  within 
the  last  fifty  years. 

There  would  be,  in  any  event,  much  interest  in  comparative 
analyses  of  canes  cultivated  in  ptaheite  and  those  which  may  first 
grow  in  our  colonies  from  plants  brought  from  that  island;  if  those 
analyses  were  made  with  exactness,  we  might  hereafter,  by  re- 
peating them,  follow  step  by  step  the  decline  of  the  cane,  and 
explain  it,  perhaps,  by  comparing  the  climates  and  soils  of  the  two 
localities. 

M.  Dupuy,  attaching  a  just  importance  to  the  quantity  of  sac- 
charine juice  which  is  extracted  from  the  cane,  and  which  varies 
-^ith  the  greater  or  less  degree  of  pressure  produced  by  the  cylin- 
ders between  which  the  canes  are  crushed,  describes  minutely  the 
experiments  which  he  has  made  to  establish  the  yield  in  juice,  on 
the  numerous  plantations  which  he  visited. 

Those  experiments  were  made  under  the  ordinary  circumstances 
of  manufacture,  and  upon  quantities  of  cane  which  varied  between 
100  and  6,000  kilogrammes;  the  canes,  being  weighed,  were  passed 
through  the  mill,  and  by  measuring  the  juice  obtained,  or  by 
weighing  the  dried  begassa,  and  sometimes  by  employing  both,  pro- 
cesses, the  quantity  of  juice  proxluced  was  obtained. 
•  By  summing  up  these  experiments,  which  were  made  in  the  dif- 
ferent communes  of  Quadaloupei  to  wit,  in  the  communes  of  Basse 
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61.2 

do 

do 

60.9 

do 

do 

69.3 

do 

do 

59.2 

do 

do 

68.2 

do 

do 

66.4 

do 

do 

Terre,  Trois  RiTidres,  de  la  Capesterre,  de  la  Bale  Mahault,  de 
PAnse  Bertrand,  du  Port  Louis^du  Mornea  PEau,  des  Abymes,  de 
S&inte  Aune  et  du  Moule,  M.  Dupuy  has  established  the  fact  that 
the  average  extraction  of  juice^  obtained  by  passing  the  canes  once 
through  the  mill^  as  is  always  done  in  practice^  furnishes  the  fol- 
lowing mean  comparatire  results: 

61.8  per  cent,  of  juice,  by  hydraulic  mills. 

those  with  horizontal  rolls, 
steam  mills, 
water  and  wind*  mills, 
mills  with  vertical  cylinders, 
mills  of  animal  power, 
wind  mills,  which   are  still  employed 
to  some  extent  in  Guadaloupe. 

These  numbers  give  the  result  of  44  trials,  performed  with  17 
water  mills,  15  wind  mills,  7  mills  with  horizontal  cylinders,  and 
6  steam -mills.  The  mills  in  operation  in  Guadaloupe  amount  to 
600  nearly. 

In  discussing  this  yield,  and  assuming  59.3  as  the  mean  result, 
furnished  by  the  kind  of  mills  which  are  most  numerous,  M.  Dupuy 
remarks  that  the  loss,  which  amounts  to  one-third  of  the  whole 
quantity  of  juice  contained  in  the  cane,  might  easily  betdiminished 
by  mills  of  better  and  more  solid  construction.  He  observes,  at 
the  same  time,  that,  in  the  mode  of  working  usually  followed,  the 
manufacturer  seems  to  appreciate  the  necessity  of  a  great  pressure 
less  because  he  is  interested  in  the  begassa,  which  he  wishes  to 
economize  and  not  to  break  too  much,  because  it  is  the  only  fuel 
which  he  employs  for  his  crop.  Nevertheless,  M.  Dupuy  estimates 
that,  if  the  pressure  usually  exerted  by  the  mills  were  to  produce 
65  to  66  per  cent,  of  juice,  the  most  desirable  point  would  be  at- 
tained, both  with  reference  to  the  management  of  the  begassa  and 
the  increa^sed  yield  in  juice.  * 

In  fact  this  difference  of  59  to  65  per  cent,  of  juice  is  sufficient, 
as  the  calculations  of  M.  Dupuy  show,  to  produce  an  excess  of 
14,000  kilogrammes  (28  hogsheads)  of  sugar  on  a. plantation  pro- 
ducing annuallv  200  hogsheads  of  500  kilogrammes  each.  Now, 
these  14,000  kilogrammes,  at  250  francs  per  500  kilogrammes,  are 
worth  7,000  francs,  without  taking  into  account  the  value  of  the 
molasses.  The  whole  crop  of  the  island,  which  is  70,000  hogsr 
hea({s,  would  be  increased  in  value  to  the  extent  of  1,837,500 
francs,  independently  of  the  molasses.  This  increase  would  also 
take  place  without  additional  expense. 

These  results  are  sufficiently  certain  to  demand  the  grave  con- 
sideration of  the  colonists.  Their  importance  is  such  that,  by  rea- 
son of  the  limits  established  by  the  daily  work,  the  fortune  or  rain 
of  a  planter  must  depend  more  upon  the  greater  or  less  degree  of 
pressure  of  his  canes  than  upon  any  other  cause. 

Nothing  is  more  contradictory,  moreover,  than  the  documents 
upon  this  question,  so  ^important  in  the  sugar  industry,  namely,^ 
the  yield  in  juice  of  the  cane. 
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I  have  cited,  in  my  first  memoir,  some  experiments  made  at  New 
Orleans  by  Mr.  Avequin,  a  skilful  pharmaceutist,  which  establish 
that  the  yield  of  canes  is  50  per  cent  of  juice  in  that  locality.* 

M.  Senez,  of  Cayenne,  obtained,  by  means  of  a  mill  moved  by  a 
steam  engine  of  eight*horse  power,  36  per  cent,  of  juice  from  canes. 

M.  Dupuy  has  shown  that,  at  Guadaloupe,  the  yield  varies  from 
68.5  to  54  per  cent.'  The  mean  of  the  results  obtained  by  M.  Du- 
puy is  56  per  cent. 

M.  Guignod  (a  citizen  of  Martinique,  who  has  published,  in  the 
annals  of  the  agricultural  society  of  that  colony,  several  articles 
which  contain  criticisms,  sometimes  just,  but  always  bitter  and  in- 
temperate, upon  my  first  essay  in  relation  to  the  cane,)  obtained, 
by  a  single  pressure,  63  per  cent.,  and  by  a  second  7  per  cent,  of 
juice,  which  makes  70  per  cent,  of  juice  obtained  from  canes. 

M.  Guignod,  who  is  certainly  an  experienced  and  skilful  manu- 
facturer, disputes  the  accuracy  of  the  yield  stated  by  M.  Senez^  but, 
as  he  rests  solely  upon  conjectures,  and  upon  the  difference  of  in- 
complete results  obtained  at  Cayenne  and  on  his  own  estate,  his 
opinion  upon  this  point  has  no  great  value.  He  thinks  tli at  the 
mill  which  gave  him  the  above  mentioned  70  per  cent.,  is  inferior 
to  nine-tenths  of  those  of  Martinique;  and  he  estiu^ates  at  76  per 
cent,  of  the  weight  of  the  canes  the  juice  which  several  of  the  best 
established  mills  of  the  colony  can  furnish  by  a  first  and  second 
pressure. 

It  is  also  known  that  on  almost  all  of  the  plantations  the  canes 
are  rolled  but  once.  A  quantity  of  juice  is  thus  constantly  lost^ 
which  varies  from  4  to  7  per  cent,  of  the  weight  of  the  canes,  and 
which  would  be  obtained  by  means  of  a  second  pressure.  In  fact 
it  is  customary  in  Martinique  to  pass  through  the  mill  at  the  same 
time,  with  fresh  canes,  the  begassa  furnished  by  a  first  pressure;  • 
but  this  method  cannot,  in  any  manners  increase  the  yield  of  juice^ 
since  the  begassa,  being  moistened,  as  at  first,  by  the  juice  which 
flows  from  the  fresh  canes,  should  absorb,   at  the   moment  when 


*  The  following  resnlts  of  five  experiments  in  Looisiana.  ''  made  upon  the  plantation  of 
Mr.  y.  B.  MarmiUion,  25tfa' Nevember,  1842,  with  a  first  rate  horizontal  mill,  moved  by  a 
•Mam  engine  of  16-borie  power,"  are  published  by  Mr.  Aveqnin  in  De  Bow's  Review,  voL 
VI.,  No.  1,  page  31, 1848: 


Variety. 

Juice 

Begassa. 

Density  of 

iaiee. 
(Baam^) 

Ribbon  oaaes 
Violet      do 
Gray        do 
Otaheite  do 
Creole      do 

63.1 
03.0 
64.0 
66.8 
67.8 

36.9 
37.0 
36.0 
34.2 
32.3 

8!26 

8.5 

7.76 

8.5 

9.0 

Mr.  Avcquin  adds:  "  I  conld  mention  other  experiments  made  for  the  same  purpose  in 
other  mills,  which  experiments  have  clearly  demonstrated  that  a  largo  number  of  planters 
ID  Louiiiana  obtain  from  63  to  64  per  oent.  of  juioe.''— (iVb/e  ^  tht  tran$iaiar.) 
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they  escape  from  the  action  of  the  cylinders  which  compress  t'nemj 
all  the  juice^which  their  spongy  tissue  can  imbibe  in  resuming  its 
size  by  dilatation. 

Lastly:  M.  Paul  Daubr6e,  in  a  remarkable  essay,  published  in 
1841)  having  for  its  title — Question  coloniale  sous  le  rapport  inius- 
4riel^  thus  remarks:  ^^  Having  checked-  this  estimate  (that  of  M. 
Dupuy)  upon  some  badly  furnished  plantations,  the  number  of  which 
is  considerable,  we  are  convinced  that  the  mean  yield  is,  in  fact, 
only  50  per  cent.;  five-tenths,  therefore,  only  are  obtained,  and 
four-tenths  remain  in  the  woody  portion/ commonly  called  begassa." 

Whatever  may  be  the  actual  yield,  it  is  evident  that  the  most 
essential  part  of  the  colonial  work)  the  extraction  of  the  juice, 
leaves  at  this  moment  much  to  be  desired.  Can  this  extraction  be 
improved?  Every  body  is  agreed  upon  this  question,  and  some 
mills  already  furnish  a  yield  much  beyond  that  generally  obtained. 

It  is  essential  to  insist  upon  this  point,  that  the  treatment  of  the 
cane,  in  order  to  extract  from  it  the  greatest  amount«of  juice,  may 
be  performed  by  several  dififerent  methods.  We  will  point  them 
out  succinctly. 

1st.  The  most  direct  will  always  consist  in  employing  powerful 
mills,  producing  at  first  the  largest  proportion  of  juice,  which  pro- 
portion may  be  practically  estimated  ai  70  per  cent,  of  the  weight 
of  the  canes,  and  76  by  a  second  pressure. 

But  the  precarious  state  in  which  the  colonial  industry  has  long 
found  itself,  places  it  in  the  power  of  but  few  planters  to  procure 
mills  of  better  construction,  often  also  requiring  greater  motive 
power.  This  process  is,  therefore,  of  very  limited  availability  at 
present. 

2d.  The  addition  of  a  fourth  cylinder  to  these  mills  of  better 
construction,  or  even  to  the  mills  in  use,  should  be  very  useful;  it 
accomplishes  the  effect  of  producing  this  second  pressure  immedi- 
ately, without  retarding  the  work,  and  thereby  increases  tbe  pro- 
portion of  juice  from  A  to  7  per  cent.  M.  Ouignod  himself  ad- 
vises this  addition,  strongly  opposed  as  he  is  to  experimental  im- 
provements, which  he  considers  useless— ^the  colonists  working,  in 
his  opinion,  as  well  as  possible. 

By  causing  a  fine  stream  of  water  to  fall  upon  the  begassa  at  the 
moment  when  it  is  subjected  to  this  second  pressure,  the  operation 
would  be  rendered  still  more  effectual. 

3d.  In  my  memoir  on  the  analysis  of  the  cine,  I  have  stated 
that,  by  immersing  the  begassa  in  water  and  then  rolling  it  a 
second  time,  the  yield  would  be  greatly  augmented.  This  method 
seems  to  be  that  which  is  the  best  adapted  to  the  mills  of  three 
'Cylinders  now  in  use,  when  they  cannot  exert  sufcient  pressure. 

Supposing  the  quantity  of  water  absorbed  by  the  begassa  to  be 
equal  to  the  quantity  of  juice  which  it  has  already  given,  we  see 
that  it  will  furnish  by  this  maceration  a  liquid  containing  one- 
half  as  much  sugar  as  the  original  juice;  so  that,  if 'the  juice  ex- 
pressed at  first  indicates  10  degrees  Baum£,  the  new  liquid  will 
mark  6  degrees  of  the  same  instrument. 

If,  now,  the  pressure  exerted  upon  this  washed  begassa  furnishes 
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m  quantity  of  liquid  equal  to  that  already  obtained,  56  per  cent., 
for  example,  the  two  extracted  liquids  together  wo«ld  afford  112 
of  juice,  marking  7j^  degrees,  Baum6;  so  that,  if  the  quantity  of 
saccharine  liquid,  supposed  of  equal  density,  is  represented  by  56 
in  the  first  treatment,  it  will  become  79,  by  means  of  this  washing. 

Observations  made  on  the  spot  by  M.  Dupuy  show  that  each 
gallon  (4  litres)  of  juice,  marking  9  degrees,  Baum6,  weighs  1 
kilog.  90  gr.,  and  furnishes  500  gr.  of  sugar,  (being  21.8  per  cent.;) 
whence  it  follows,  that  instead  of  obtaining  7.1  per  cent,  of  sugar, 
the  colonist,  by  aid  of  this  second  operation,  would  get  10  per 
cent. 

Applying  this  calculation  to  a  plantation  which  produces  100,000 
kilog.  of  sugar,  (200  hogsheads,)  which  would  give  a  gross  return 
of  50,000  francs,  the  receipts,  in  consequence  of  this  new  yield, 
will  become  70,536  francs. 

The  practical  difficulties  and  the  expenses  of  this  operation  re- 
main to  be  discussed. 

The  begassa  subjected  twice  to  the  action  of  the  mill  will  prob* 
ably  be  found  to  be  too  much  divided  to  render  it  practicable  to 
employ  it  for  fuel,  in  the  manner  usually  followed.  But  because 
the  employment  of  this  fuel  will  offer,  at  first,  some  difficulties  to 
be  overcome,  should  so  important  an  augmentation  be  renounced'? 
Perhaps,  in  the  spirit  of  despondency  which  has  seized  upon  many 
of  the  colonists,  some  will  reply  affirmatively  to  this  question;  but 
all  the  friends  of  progress,  all' those  who  believe  that  improve* 
ments  introduced  into  a  branch  of  industry  conspire,  above  all 
things,  to  its  preservation  and  prosperity,  will  seek  to  know  and 
surmount  those  difficulties. 

The  state  of  division  of  the  begassa  will,  as  we  have  said,  ren- 
der the  handling  of  the  fuel  more  difficult,  and  at  the  same  time 
will  hinder  it  from  burning  in  the  present  furnaces,  in  the  same 
manner  as  when  it  has  kept  the  primitive  form  of  the  cane. 

It  is  easy  to  put  the  begassa  thus  torn  asunder  into  a  more  com- 
pact form.  In  Martinique,  this  operation  is  already  performed  i^ 
some  cases  by  tying  together  the  more  divided  portions. 

But  this  fuel  wilUbecome  insufficient  to  evaporate  the  excess  of 
water  which  the  new  process  would  require.  That  is  probable,  al- 
though it  is  also  possible  that,  by  a  mor^  extended  arrangement  in 
the  fire  places,  the  begassa  may  suffice  for  the  evaporation. 

Admitting  that  in  fact  the  use  of  some  other  fuel  may  become 
necessary,  let  us  examine  whether  its  price  would  render  this  ope- 
ration impracticable. 

In  Martinique,  the  country  being  densely  wooded  in  the  unculti- 
vated portions,  wood  now  costs  but  little  more  than  the  expense  of 
cutting  and  hauling  to  the  plantations.  This  difficulty  does  not, 
therefore,  exist  for  that  colony;  it  exists  still  less,  by  reason  of 
the  fact,  that  if  the  use  of  wood  became  general  the  present  ex- 
pense of  transportation  would  be  ptobably  diminished  by  making 
roads  and  keeping  them  in  better  order,  as  a  matter  of  general 
vtility. 

But  in  Guadaloupe  and  the  other  colonies,  I  suppose  they  would 
36 
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1)6  obliged  to  import  coal  from  England,  Belgium,  or  France,  and 
that  this  {«iel  would  cost  the  high  price  of  5  francs  per  hectolitre. 
Since  one  kilogramme  of  coal  evaporates  at  least  five  of  water,, 
and  one  hectolitre  of  coal  weighs  about  80  kilogrammes,  we  find 
by  calculation,  (supposing  the  juice  to  indicate  7^*^,  Baum^,  and 
to  contain  15  per  cent,  of  dissolved  matter,'  sugar  and  molasses, 
and  that  these  two  substances  are  obtained  in  the  ratio  of  3  to  1,) 
that  one  kilogramme  of  coal  will  furnish  one  kilogramme  of  sugar, 
which  would  consequently  cost  6  c.  for  fuel,  or  6,000  francs  for 
100,000  kilogrammes  of  sugar. 

Now,  we  have  seen  above  that  the  quantity  of  sugar  would  be- 
come equal  to  141,000  kilogrammes  by  reason  of  the  new  yield. 
The  expense  for  coal  would,  therefore,  be  8,460  francs. 

But  as  this  expense  is  based  upon  the  whole  of  the  manufacture^ 
while  the  begassa  should,  as  usual,  serve  to  evaporate  at  least  half 
of  the  water  contained  in  the  112  of  juice,  it  is  proper  to  reduce 
the  required  quantity  of  coal  to  one-half  of  the  above. 

Hence,  141,000  kilogrammes  of  sugar  would  cause  an  increased 
expense  of  4,230  francs,  and,  as  the  141,000  kilogrammes  are  worth 
the  additional  sum  of  20,536  francs,  the  advantage  arising  from  this 
operation  would  be  16,306  francs. 

In  these  calculations  I  have  neglected  the  molasses  and  the 
value  which  it  represents. 

The  operation  of  washing  and  secoiSd  pressure,  which  I  here 
discuss,  is  not  a  mere  chimera,  or  which  amounts  to  the  same  thing 
with  many  persons,  a  theoretical  operation;  for  M.  Dupuy  says  in 
bis  report  that,  on  the  plantation  of  M.  Jabrun,  he  has  extracted^ 
on  a  large  scale,  one-fifth  more  of  sugar  than  is  obtained  by  the 
ordinary  method,  by  means  of  washing  and  rolling  the  fresh  be- 
gassa, without  changing  the  usaal  work  of  the  su^ar*  house,  or 
tearing  the  begassa  so  much  as  to  unfit  it  for  fuel,  ft  is  to  be  re- 
gretted that  M.  Dupuy  has  not  given  a  detailed  account  of  the 
trials  which  he  made  of  this  method. 

4tli.  Lastly,  it  is  probable  that  the  peculiar  system  of  extraction 
of  beet  sugAr,  which  is  due  to  M.  de  Dombasle,  and  which  is 
known  as  the  process  of  maceration^  might  be  adif^antageously  ap* 
plied  to  the  cane.  It  is  known  that  this  accomplished  agricul-* 
turist  has  long  pursued,  with  a  degree  of  perseverance  and  confi- 
dence now  justified  by  his  success,  the  application  of  a  method 
which  permits  a  quantity  of  sugar,  incontestably  greater  than  that 
obtained  by  the  ordinary  methods,  to  be  extracted  from  the  beet. 
For  this  method  furnishes,  according  to  its  author,  the  whole  of 
the  sugar  which  exists  in  that  plant.      ' 

The  introduction  of  this  process  in  the  colonial  industry  would 
produce  the  following  immediate  consequence?: 

1st.  The  abandonment  of  mills,  rendered  useless  as  the  presses^ 
are  in  the  extraction  of  beet  sugar  by  maceration. 

2J.  The  acquisitioa  of  nearly  all  the  saccharine  juice  in  the 
cane. 

It  is  evident  that,  *Mf  to  these  advantages  we  add  the  practicable 
improvements  in  the  treatment  of  the  juice,  for  the  extraction  of 
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the  sugar,  improyemeDts  which  we  will  di^xuss  hereafter,  the  man- 
iifacture  of  cane  sugar  would  promptly  attain  a  degree  of  perfec- 
tion which  could  not  be  surpassed,  and  from  which  at  present  it  is 
far  removed. 

It  is  known  that  the  process  of  maceration  reposes  upon  the 
principle  long  admitted  and  employed  of  systematic  washings, 
l^^lavages  methodiques  f^)  for  the  description  of  which  process  I 
refer  to  one  of  the  numerous  publications  of  M.  de  Dombasle.  In 
my  opinion,  it  is  applicable,  with  some  modifications,  to  the  manu- 
facture of  cane  sugar. 

Jhe  cutting  of  the  canes,  by  which  we  commence,  is  an  easy 
operation.  The  tissue  of  the  plant  being  formed  of  transverse 
fibres  and  very  permeable  to  water,  the  mixture  of  its  saccharine 
juice  with  the  water  added  will  take  place  promptly. 

For  the  beet,  maceration  is  performed  with  hot  water  in  the  first 
kettle,  and  completed  by  subsequent  washings  with  cold  water;  for 
the  cane,  the  continued  use  of  hot  water  would  probably  be  indispen- 
sable. It  is  only  within  a  few  years  that  M.  Mathieu  de  Dombasle 
has  substituted  for  the  hot  water  used  in  all  the  macerations  immer* 
sions  in  cold  water;  it  was  necessary  to  do  so  in  order  to  realize  a 
condition  indispensable  to  his  system,  economy  of  fuel;  but  in  my 
opinion,  it  has  not  been  demonstrated  that  this  modification  is  as 
advantageous  as  he  believes  it  to  be;  it  is  certain  that  in  some 
factories  which  employ  his  method  the  work  does  not  proceed  well, 
except  when  intermittent;  that,  when  it  is  continuous,  the  sirups 
refuse  to  crystallize  after  a  certain  number  of  turds  (viremeHl^,) 
as  if  some  portions  of  the  fermentable  matter  of  the  beet  which 
the  temperature  of  100^,  (212^  Fahrenheit,)  should  destroy,  were, 
nevertheless,  regenerated  in  the  cold  water  vata[,  and  had  trans<- 
formed  the  sugar  into  a  substance  incapable  of  crystalizing. 

Since  the  fermentation  of  saccharine  juices  is  the  more  active  in 
proportion  as  their  temperature  approaches  30^  to  40^  centigrade 
(86^  to  100^  Fahrenheit,)  since  in  the  colonies  the  ordinary  atmos- 
pheric temperature  would  produce  that  degree  of  heat  nearly,  and 
since  it  is  known,  that  as  soon  as  fermentation  takes  place  the 
crystallizable  sugar  is  in  part  destroyed,  it  would  very  probably, 
be  necessary  to  Keep  the  liquids  during  the  whole  series  of  mace- 
rations, at  a  temperature  sufficiently  elevated  to  prevent  fermenta- 
tion from  occurring  or  continuing. 

5th.  Finally,  the  desiccation  of  the  cane  in  stoves,  or  b^  the  sun, 
and  the  subsequent  treatment  of  the  dried  residue,  either  in  France 
or  upon  the  spot,  might  be  employed  perhaps  with  advantage.  At 
the  end  of  this  report  I  will  discuss  this  method,  which  will  fur- 
nish, if  well  managed,  a  much  greater  quantity  of  sugar  than  that 
produced  in  the<  ordinary  way. 

These  different  systems  may,  therefore,  lead  to  a  greater  yield . 
of  sugar  than  that  now  obtained.  In  pointing  them  out,  I  have  not 
the  iolly  to  suppose  their  execution  exempt  from  difficulty;  but  I 
believe  that  they  are  worthy  of  trial  and  of  comparative  examina- 
tion, and  that  their  discussion  may  give  rise  to  improvements  which 
are  urgently  needed.    It  is  time  that  the  colonists  should  believe 
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that  there  are  several  methods  •f  extracting  sugar  from  the  cane; 
that  it  is  not  impossible  to  carry  their  industry  out  of  the  beaten 
track  which  tbey  have  so  long  followed;  that  routine  is  good  only 
when  it  protects  and  preserveA  processes  which  science  (another 
name  merely  for  knowledge  and  good  sense)  indicates  as  the  best; 
that  indiflference  to  progress  in  manufactures  is  not  allowable^  even, 
when  rivalry  and  cooperation  are  wanting. 

The  first  report,  of  which  the  above  is  an  analysis,  accompanied 
the  boxes  filled  with  the  products  of  the  sugar  cane,  which  were 
entrusted  to  me  for  examination^  it  ends  with  an  inventory  of  the 
substances  which  M.  Dupuy  has  collected.  • 

In  discussing  the  second  part  of  M.  Dupuy's  report,  I  will  give  an 
account  of  the  experiments  which  I  have  made  with  those  products.. 

'  Second  part  of  the  report  of  M.  Dupuy. 

This  second  part,  which  was  transmitted  to  me  on  the  7th  of 
April,  1841,  by  the  minister  of  agriculture  and  commerce,  contains 
documents  of  interest,  alike  in  reference  to  the  composition  of  the 
eane,  both  fresh  and  dried,  to  the  processes  of  manufacture  fol- 
lowed in  Guadaloupe,  and  to  the  useful  modifications  of  those 
which  could  be  immediately  intr6duced.' 

M.  Dupuy  repeated  on  the  spot  the  experiinents  whiph  I  have 
published,  upon  the  composition  of  the  caoe  and  the  non-existence 
ef  uncrystalli^able  sugar  in  that  plant,  Those  experiments  have 
been,  both  in  France  and  Martinique,  the  subject  of  active  dispute; 
some  have  questioned  their  accuracy — others  their  novelty.  My 
first  attempts,  having  been  performed  with  insufiBcient  materials, 
should,  in  fact,  afford  room  for  criticisms;  of  which  I  would  not 
eomplain,  though  they  have  been  sometimes  ynjust  anchin  ill  tem- 
per, for  those  criticisms  have  provoked  new  researches  and  contri- 
buted to  the  discovery  of  truth. 

By  following  simple  processes  of  analysis,  which  should  appa- 
rently furnish  exact  results,  M.  Dupuy  has  found  that  canes  of 
which  the  density  marks  lOj^  degrees  Baum6,  ^t  the  temperature  of 
28^  centigrade,  leave,  by  desiccation  at  100°  centigrade,  twenty- 
eight  per  cent,  of  solid  residue;  they,  therefore,  contain  seventy- 
two  of  water. 

The  treatment  of  one  portion  of  this  residue  with  water,  and  the 
incineration  of  another  portion,  in  order  to  obtain  the  fixed  salts 
which  it  contained,  led  M.  Dupuy  to  assign  to  the  canes  which  he 
analyzed  the  following  composition: 

Water...... 72.0 

Woody  iibre.; 9.8 

Soluble  matter 17.8 

Salts 0I4 


100.0 
This  composition  is  very  closely  accordant   with  that  which  I 
have  deduced  from   the   examination   of.  the  juice   and   the  dried 
canes  which  I  received  from  Martinique  in  1839 — since  I  found: 
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Water 72.1 

Woody  fibre 9.9 

Solable  matter 18.0 


100.0 


This  analysis  needed  very  much  to  be  carefully  checked^  since 
it  was  obtained  by  indirect  means  from  the  composition  of  the  juice 
on  tbe  one  hand,  and  on  the  other  from  that  of  the  cahes  dried  on 
the  spot— with  all  requisite  care,  it  is  true,  for  the  skill  and  expe- 
rience of  M.  P6raud  are  guarantee  thereof;  but,  neyerthelessi  with- 
out my  participation. 

I  think  that  it  may  now  be  admitted  as  a  well  established  fact, 
that  the  insoluble  substance,  or  woody  fibre,  which  constitutes  the 
solid  fabric  of  the  cane,  exists  in  it  in  the  mean  proportion  of  9 
to  11  per  cent.;  I  speak  only  of  mature  canes,  fit  for  working. 

This  conclusion,  howeTer,  does  not  seem  to  accord  with  the  re- 
sults obtained  in  Martinique,  by  M.  Ouignod,  assisted  by  several 
members  of  the  agricultural  society  of  that  colony;  for  M.  Guig- 
nod  found  that  150  kilogrammes  of  canes  furnished  18.6  kilo- 
grammes of  begassa,  after  they  had  been  passed  through  the  mill, 
then  washed  with  water  to  extract  all  the  sugar;  and,  lastly,  sub- 
jected to  desiccation;  so  that,  according  to  this  result,  100  of  canes 
contain  13  of  woody  fibre. 

But  it  is  very  probable  that  this  discrepancy  is  .only  apparent; 
for  M.  Guignod  does  hot  say  whether  his  washed  begassa  was  dri^d 
by  the  atmosphere,  or  in  a  stare  sit  the  temperature  of  100°  centi- 
grade; and  it  is,  therefore,  probable  that  he  performed  this  desic- 
cation at  the  ordinary  temperature  of  the  air;  now,  however  long 
a  substance  so  porous  as  begassa  may  be  subjected  to  continued 
contact  with  the  air,  even  under  the  influence  of  the  rays  of  the 
sun,  it  will  always  retain  several  per  cent,  of  water,  which  the 
temperature  of  100^  can  alone  remove;  so  that  if,  in  fact,  M. 
Guignod  produced  the  desiccation  by  meand  of  the  air  alone,  the 
results  which  he  has  published  do  not  invalidate  those  which  have 
been  obtained  by  M.  Dupuy  and  myself;  which  also  accord  with 
experiments  made  in  1825  by  M.  Avequin,  an  apothecary  of  New 
Orleans. 

Nevertheless,  notwithstanding  this  concordance  between  analy- 
ses made  under  very  different  circumstances,  I  have  seen  fit  Xb  avail 
myself  of  the  specimens  collected  and  prepared  at  Guadaloupe  .by 
M.  Dupuy,  to  ascertain  the  composition  of  the  cane  by  means  of 
new  experiments. 

These  specimens  which  M.  Dupuy  collected  and  prepared  with 
great  care,  are  of  several  sorts;  they  respond  to  the  deiiderata 
enumerated  in  the  instructions,  drawn  up  by  M.  de  Jabrun  and  my- 
self, to  guide  M.  Dupuy  in  his  mission;  and  they  consist  princi- 
pally of, 

1st.  Juice  of  different  origin,  preserved  by  the  method  of  Ap- 
pert; 

2d'.  Dried  cane; 

3d.  Fresh  canes. 
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To  each  of  the  specimens  is  attached  a  number  engraved  on  a 
disc  of  lead*;  which  correspond  to  the  same  number  in  the  inven- 
tory of  substances,  at  the  end  of  the  first  part  of  the.report  of  M. 
Dupuy;  its  source,  the  circumstances  of  its  growth,  etc,  are  there 
also  stated 

As  was  to  have  been  expected,  these  specimens  were  not  all  in 
« an  equally  goqd  state  of  preservation.  While  that  of  the  dried 
eanes  left  nothing  to  be  desired,  it  was  not  so  with  the  juice;  of 
which  most  of  the  bottles  had  become  quite  sour,  and  had  a  taste 
at  the  same  time  vinous  and  pricked,  indicating  fermentation  more 
or  less  complete.  This  juice  was  assuredly  very  different  from 
that  which  I  analysed  in  1840;  which  was,  and  is  even  now,  (I 
still  have  a  bottle  of  it,)  in  a  state  of  perfect  preservation. 

This  difference  is,  without  doubt,  independent  of  Appert's 
method;  which  was  employed  in  both  instances,  and  which  also 
assures  the  indefinite  preservation  of  substances  much  more  alte- 
rable than  cane  juice;  I  think  that  it  was  due  chiefly  to  the  man- 
ner in  which  the  bottles,  sent  by  M.  Dupuy,  were  corked;  most  of 
them  had  corks  which  were  too  small  and  of  bad  quality;  they 
were  removed  by  the  slightest  force;  moreover,  the  wax  around 
them  was  brittle  and  in  part  detached  before  the  arrival  of  the  bot- 
tles. It  is  known  that  the  method  of  Appert  is  effectual  only  as 
long  as  the  substances  placed  under  its  protection  are  kept  without 
any  subsequent  contact  with  the  air. 

This  alteration  of  the  juice  sent  from  Guadaloupe  is  greatly  to 
be  regretted;  it  prevents  the  realization  of  the  project  I  had  of 
studying,  attentively,  the  substances  foreign  to  the  sugar  which 
exist  in  cane  juice;  in  very  small  quantities,  it  is  true,  but  still 
sufficient,  perhaps,  to  have  some  influence  upon  the  yield,  when 
they  accumulate  in  the  residues  and  in  the  molasses.  The  exami- 
nation and  separation  of  those  substances,  (of  the  albuminous  mat- 
ter in  particular,)  is  possible  only  when  a  sufficiently  large  quan- 
tity of  juice  can  be  obtained.  T'^as  condition  was  fulfilled,  for  I 
received  thirty  litres  of  that  liquid;  but  its  bad  state  of  preserva- 
tion rendered  the  examination  impracticable,  without  probably 
confounding  the  pre-existing  substances  in  the  juice  of  the  plant 
with  those  produced  by  its  spontaneous  alteration.  This  confu- 
sion is  not  always  easy  to  avoid  when  we  operate  upon  a  normal 
liquid;  and  it  is  impossible^  to  eliminate  it  from  one  already  al- 
tered. 

As  some  of  the  bottles  were  untouched,  I  was  enabled  to  employ 
them  usefully,  as  will  appear,  to  aid  in  solving  some  questions 
which  I  have  purposed  to  decide. 

The  fresh  canes- were  of  different  ages  arid  different  ratteoning; 
sealed  with  wax  at  the  ends  immediately  after  having  been  cut; 
then  packed  in  layers  with  dry  sand,  in  a  case  of  zinc,  the  cover 
of  which  was  soldered  on.  This  soldering,  in  fact,  was  rendered 
useless  by  reason  of  a  large  hole  made  in  one  of  the  sides,  proba- 
bly by  the  revenue  officers,  habitual  destroyers  of  scientific  speci- 
mens. 

The  good  preservation    of  these  canes,  with   all  their   water  o^ 
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Tcgetation,  wag  not  anticipated;  but  the  attempt  was  deemed 
worthy  of  trial,  whatever  the  result  might  be.  It  did  not  succeed; 
the  .canes  were  profoundly  altered;  but  eren  the  circumstances  of 
their  alteration  are  attended  with  interest. 

These  canes,  analysed  immediately  after  the  opening*  of  the 
zinc  box,  furnished  a  large  quantity  of  juice  by  means  of  a  slight 
pressure. 

The  liquid  was  somewhat  viscid,  of  a  clear  yellow,  of  a  fresh 
sweet  taste  and  an  odour  like  that  of  apples.  Subjected  to  evapo- 
ration, pure  or  defecated,  it  did.  not  yield  any  crystals  of  sugar, 
even  after  a  considerable  lapse  of  time;  alcohol  separated  from  it 
a  somewhat  abundant  viscous  matter. 

I  dried  some  pieces  of  these  canes;  the  dried  residue  varied 
from  20  to  24  per  cent,  of  their  weight.  This  proportion  is  less 
than  that  of  canes  in  their  ordinary  or  fresh  state,  sipce  in 
these  the  residue  amounts  to  28  per  cent.;  as  it  is  not  probable 
that  they  could  have  absorbed  water  from  dried  sand  and  in  a  box 
of  metal,  it  must  be  admitted  that  they  suffered  a  change  quite  pe- 
culiar; their  sugar  being  in*  part  transformed  into  volatile  or  gase- 
ous elements,  without  passing  into  the  vinous  fermentation;  for 
the  neutrality  of  their  juice  proves  that  carbonic  acid,  alcohol  and 
acetic  acid,  were  not  formed  at  the  expense  of  the  saccharine  liquid. 

It  is  necessary  that  future  researches  upon  this  kind  of  altera- 
tion, so  important  to  be  thoroughly  investigated,  and  so  little  un- 
derstood, should  teach  us  whether,  contrary  to  what  we  now  be- 
lieve, the  products  which  remain  after  viscous  fermentatioo  are  of 
less  weight  than  that  of  the  sugar  which  has  been  destroyed. 

Lastly,  a  dozen  bottles  contained  dried  cane;  the  excellent  state 
of  preservation  of  which  left  nothing  to  be  desired,  and  of  which 
I  made  good  use. 

Besides  these  principal  objects,  the  boxes  contained  specimens 
of  the  soils  in  which  the  canes  sent  had  grown;  specimens  of  the 
sugar  produced  by  the  juice;  aqd,  lastly,  a  specimen  of  ferrugin- 
ous sand,  which  exists  in  large  quantity  at  I'Anse-Saint-Sauveur. 

I  will  now  set  forth  the  results  of  the  experiments  which  I  have 
made  with  these  different  products: 

The  most  important  question  to  be  settled  is,  certainly,  that 
which  concerns  the  original  state  of  the  sugar  in  the  cane;  some 
details  in  regard  to.  the  position  of  this  question  seem  to  me  useful 
to  be  given. 

Chemists  have  admitted  until  recently,  that  the  sugar  which  ex- 
ists in  the  cane,  and  in  the  beet,  is  partly  in  the  state  of  crystal- 
lizable  sugar,  and  partly  in  that  of  liquid  or  uncrystallizable  sugar; 
it  is  sugar,  in  the  latter  state,  which  constitutes  the  sirup  or  mo- 
lasses, which  is  always  procTbced  in  the  manufacture  of  sugar, 
from  those  plants. 

Accurate  experiments  having  shown  some  years  ago,  that  in 
the  beet  all  the  sugar  pre-exists  in  the  crystallizable  state, 
it  was  probable,  that  it  was  so  likewise  with  the  cane.  Yet, 
all  the  chemists  who  had  occupied  themselves  with  that  plant 
had,  on  the  contrary,   concluded   that    a    quantity  more  ob  less 
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considerable  of  liquid  sugar  pre-exists  therein;  Thus  Cazaux^ 
in  a  book  published  fifty  years  ago,  admits  that  the  most  usual 
proportion,  as  well  as  the  most  desirable^  between  the  sugar  and  tke 
molasses  in  canes,  is  equality  in  weight  of  those  two  substances. 
Dutfone  Lacouture,  whose  work,  though  published  in  1790,  is  still 
followed  as  authority  by  some  of  the  colonists,  not  only  refrains 
from  doubting  the  pre-existence  of  the  molasses,  but  eren  giTe» 
tables  to  show  the  proportions  by  means  of  the  density,  in  which 
it  is  mixed  with  the  sugar.  More  recently,  an  illustrious  French 
chemist,  Proust,  arrived  at  the  same  conclusion,  by  means  of  an 
analysis  of  canes  from    Malaofa.     Lastly,  M.    Arequin,  a    skilful 

Sharmaceutist  of  New  Orleans,  pablished  in  18c6,  the  analysis  of 
taheite  and  Ribbon  cane,  and  admits  that  in  those  plants  one  third 
of  the  sugar  exists  in  the  liquid  state,  or  as  molasses. 

A  fortunate  occasion  permitted  me  to  rectify,  two  years  since, 
this  old  error  of  the  existence  of  molasses  already  formed  in  the 
cane  itself;  an  error  which,  without  doubt,  has  caused  and  will 
still  cause  immense  injury  in  the  manufacture  of  sugar,  by  per- 
suading manufacturers  that  the  usual  formation  of  molasses  de- 
fiends  upon  the  nature  of  the  cane  itself;  whereas,  it  depends  at 
east  in  grelat  part,  solely  upon  the  imperfect  processes  which  they 
employ. 

By  subjecting  to  analysis  the  juice  which  was  sent  to  me  from 
Martinique,  and  of  which  the  state  of  preservation  was  due  to  the 
method  of  Appert,  very  well  performed  by  M.  P6raud^  I  found 
that  that  liquid,  the  density  of  which  was  1.088,  yielded  by  sim- 
ple evaporation  a  solid  mass  composed  entirely  of  sugar;  I  esti- 
mated the  weight  of  the  residue  at  21.3  per  ceat,  and  that  of  the 
sugar  which  it  contained  at  20.9  per  cent. 

Most  chemists  have  regarded  this  result  as  sufficient  to  establish 
the  non-existence  of  liquid  sugar  in  the  caAe;  the  analysis  of  the 
same  juice  was  repeated  by  M.  P^louze,  who  arrived  at  precisely 
similar  results;  it  was  likewise  verified  by  Mr.  Biot. 

This  celebrated  academician,  availing  himself  of  his  own  beau* 
tiful  discoveries  relative  to  the  actions  which  solutions  of  certain 
organic  substances  exert  upon  polarized  light,  found  that  the  cane 
juice  which  I  analyzed  produced  an  eflFect,  such  "that  it  is  exactly 
that  which  would  be  produced  by  an  aqueous  solution  of  crystal- 
lized cane  sugar,  containing  the  proportion  of  20.2  per  cent,  by 
weight  of  that  sugar." 

"This  physical  proof,  adds  M.  Biot,  therefore,  confirms  the 
analysis  of  M.  P^ligot,  and  with  greater  probability,  because  it  is 
calculated  from  determinations  entirely  independent  of  his;  and  the 
result  which  it  has  given  is  a  necessary  consequence  of  that  which 
he  obtained;  besides  I  should  not  have  invited  the  attention  of  the 
academy  to  it,  if  it  had  not  offered  an  occasion  to  show  what  ser- 
vices this  kind  of  physical  observations  so  easily  made,  can  render 
to  the  colonists  and  to  sugar  refiners."* 


•  Comptes  rendof  des  Stances  de  PAc«d«mie  des  Sdeaee,  1. 10^  p  264. 
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Moreover,  subsequently  to  these  publications,  M.  Plagne,  {phar^ 
maeien  en  chef  of  the  nayy  at  Brest,)  entrusted  in  1826  by  the 
minister  of  the  navy,  with  a  mission  to  the  West  Indies,  having 
for  its  principal  object  the  improvement  of  the  manufacture  or 
sugar  in  the  colonies,  made  known  that,  in  the  part  of  his  report 
which  relates  to  the  analysis  of  cane  juice,  he  demonstrated  that 
it  contains  more  than  20  per  cent,  of  crystallizable  sugar,  and  that 
the  quantity  of  molasses  or  liquid  sugar  in  it  is  almost  inappreciable. 

The  account  of  the  labors  of  M.  Plagne  was  not  published  un- 
til May,  1840.  It  is  to  be  regretted  that  this  chemist  did  not  make 
known  much  sooner  the  facts  which  he  observed;  those  facts  are, 
in  my  opinion,  important;  the  researches  which  I  have  made,  and 
which  1  assuredly  would  not  have  undertaken,  if  they  had  been 
known,  accord  entirely. with  the  results  obtained  fifteen  years  ago 
by  M.  Plagne. 

Lastly,  M.  Hervy,  a  promising  young  chemist,  whose  lif^  was 
destroyed  by  a  Corrible  accident  in  the  midst  of  scientific  labours^ 
for  which  he  was  already  distinguished,  has  left  some  observatibns 
on  the  analysis  of  the  sugar  cane,  which  are  full  of  interest. — 
They  were  published  in  the  first  number  of  the  Journal  de  Phar- 
macit  of  .the  year  1841. 

The  canes  which  served  for  the  experiments  of  M.  Hervy  grew 
either  in  the  hot-houses  of  the  royal  domain  of  Neuilly,  or  in  the 
botanical  garden  of  Bordeaux;  they  were  cut  into  thin  slices,  and 
dried  by  gentle  heat.  By  treating  them  with  cold  alcohol  of  95 
per  cent.,  M.  Hervy  separated  from  them  3  per  cent,  of  a  deli- 
quescent substance,  neither  saccharine  nor  saline  in  its  nature, 
from  which  sulphuric  ether  separated  a  small  quantity  of  wax;  the 
residue,  digested  in  boiling  alcohol,  yielded  only .  crystallirable 
sugar. 

"  We  may,  therefore,  assert,"  says  M.  Hervy,  "  1st,  that  there  ia 
no  uncrystaJlizable  sugar  pre-existent  in  the  sugar-cane;  2d,  that 
the  salts  act  vpon  the  crystallizable  sugar  so  as  to  produce  the  mo- 
lasses; and  that  this  action  does  not  occur  daring  vegetation,  but 
by  means  of  the  manipulations." 

Hence,, that  molasses  does  not  exist  in  the  cane  seems  to  be  an 
established  fact,  definitively  settled  in  science  and  in  the  sugar  in- 
dustry; nevertheless,  the  old  ideas  upon  this  pre-existence,  so  con- 
venient to  be  invoked  in  order  to  justify  bad  processes  of  manufac- 
ture, have  acquired  such  dominion,  that  they  still  govern  many  of 
the  colonists.  M.  Guignod,  for  example,  contends*  tbat  dried 
canes  contain,  for  1,000  parts  of  sugar,  540  of  molassen  in  or  dry 
state;  and,  relyinfi:  upon  the  tables  of  Dutrone  Lacouture,  to  de- 
termine from  the  density  of  juice  the  quantity  of  sugar  and  of  mo- 
lasses it  contains,  he  rejects  as  datigerous  and  altogether  errone- 
ous the  experiments  which  I  have  published. 

The  preceding  exposition  renders  it  unnecessary  for  me  to  notice 
particularly  the  reasons  which  M.  Ouignod  adduces  to  prove  that 


*  jinnalti  ii  la  Sociiti  ^Jgrieultur;  it  la  UartinigWi  Apn]j  1840^  page  267. 
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those  experiments,  aceording  to  him  inaccuratei  can  but  do  injarj 
to  the  interests  of  the  colontesy  in  which  the  mode  of  JDaaufaclare, 
in  bis  opinion,  leaves  but  little  to  be  desired.* 

I  have  determined  by  means  of  the.  unaltered  juice,  with  one  por- 
tion, the  quantity  of  matter  foreign  to  the  sugar,  and  which  is  pre- 
cipitated by  the  subacetate  of  lead;  and  with  another  portion,  that 
of  the  fixed  products  contained  in  the  liquid. 

By  treating  a  certain  quantity  of  juice  with  the  subacetate,  dry- 
ing the  greenish  white  precipitate  thus  obtained,  then  weighing  it 
and  incinerating  it,  so  as  to  destroy  the  organic  or  volatile  matter 
contained  in  it,  I  found  that  the  quantity  of  the  latter  was  from  3 
to  6  per  1000  of  juice.  The  juice  of  the  beet  contains  from  15  to 
25  per  1000  of  these  same  substances. 

The  fixed  substances  in  cane  juice,  which  consist  of  silica,  com- 
mon salt,  the  sulphates  of  lime  and  potash,  etc.,  were  obtained  by 
incinerating  the  residue  left  by  the  evaporated  liquid;  their  weight 
varied  from  15  to  20  per  1000  of  jUice. 

These  several  results  accord  with  those  which  I  'have  given  in 
ny,  memoir  on  the  analysis  of  the  cane  juice  of  Martinique. 

I  have  made  a  careful  examination  of  the  dried  cane  which  was 
in  a  state  of  perfect  preservation;  the  descriptive  account  of  the 
substances,  which  terminates  the  first  report,  gives  their  origin,  their 
mode  of  preparation,  and  the  quantity  of  water  lost  by  them  when 
subjected  to  a  gentle  desiccation. 

I  have  analysed  them  by  digesting  a  definite  weight  of  cane  in 
water  until  the  soluble  substances  were  completely  dissolved.  The 
aqueous  product  was  subsequently  analyzed  separately;  the  insolu- 
ble matter  being  well  dried,  furnished l)y  its  weight  the  proportioa 
of  woody  fibre. 

As  it  had  been  impossible  for  M.  Dupuy  to  obtain  on  the  spot  a 
complete  desiccation,  which  is  with  difficulty  attained  without  such 


*  Among  th«  nameroas  complamts  which  M.  Gaignod  makM  against  my  work,  k  the  fol- 
lawing : 

^  '*  It  is  stated  that  the  juice  received  by  M.  P61igot  indicated  from  12*^  to  13®  Banm^.  It 
is  very  vague  to  sny  12*  or  13^;  the  jaice  marked  12^,  or  12i^,  or  13^,  for  a  degree  makes 
a  considerable  difierence  in  the  proportion  of  sugar,"  etc. 

It  is  to  be  regretted  that  M.  Guicnod,  before  publishing  his  oritioisms  upon  my  work,  did 
not  read  it  attentively ;  for  ho  would  have  found,  on  page  13,  the  words  :  "  The  density  of 
this  juice,  taken  precisely,  is  1.088,  the  density  of  water  being  l.OOC.  It  indicates  11^.8  of 
Baam^'s  hydrometer.''  M.  Guignod  adds,  "  that  juice  of  12°  is  very  rare,  that  11^  is  not 
very  common,  and  that  it  can  only  ke  considered  to  have  10^  as  a  mean  densitv." 

This  remark  is  certainly  correct ;  but  M.  Guignod  should  have  reflected,  at  the  same 
tine,  that  my  jaice  was  of  the  temperature  of  the  air,  which,  when  it  is  temperate,  is  fewer 
in  France  by  10°  or  15°  than  in  Martinique  i  so  that  this  diflerence  of  temperatare  oaoses 
the  juice,  for  equal  degrees  of  the  hydrometer  in  the  two  countries^  to  contain  different  quan- 
tities of  sugar.  Thus,  I  found  that  the  unaltered  specimens  of  juice,  which  I  received  Iron 
M.  Dupuy,  presented  an  increment  of'more  than  one  degree  of  Baam^'s  hydrometer  above 
the  degree  indicated,  with  the  temperature,  in  the  memocandum  which  accompanied  then. 
The  bottles  of  juice  sent  from  Martinique  indicated  generally,  according  to  M.  Dupuy,  from 
9"*  to  10°  Baum^,  the  temperature  being  from  29^  to  30°  cent.;  the  same,  at  20°  centig., 
with  the  same  instniment  mdieated  10°  to  11°,  Baam^.  A  jaiee  from  canes  and  seeond  rat- 
toons,  for  example,  was  found  by  M.  Dupuy  to  be  of  the  density  10°  Baum^,  at  the  tempers- 
lure  of  29°  centig.;  I  found  11°  at  20°,  or  1.081  exactly  for  its  density.  For  another  which 
indicated  10°.5  Baum^,  at  the  temperatare  of  27°  centig.,  I  obtained  11° .8  Baum^  at  IT^ 
cent.^  and  1.089  ibr  its  exact  density. 
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apptratQs  for  drying  as  our  laboratories  are  provided  with,  I  found 
it  necessary  to  commence  with  the  determination  of  the  amount  of 
water  which  each  specimen  still  lost  by  exposure  to  the  tempera- 
ture of  60^  to  80^  centigrade,  in  a  stove,  until  its  weight  became 
stationary.  Tjo  ascertain  the  total  quantity  of  water  contained  in  the 
canes,  this  new  loss  is  added  to  that  which  had  already  taken  place 
in  Guadaloupe. 

The  following  are  the  results  of  the  analyses  : 

No.  17.  Plant  Cane.  (First  growth.)  Cut  up  and  dried  for  24  hours 
by  means  of  a  temperature  from  60^  to  80^  centigrade.  (140°  to 
175^  Fahrenheit.)  One  kilogramme  left  by  desiccation  in  Guada- 
loupe, a  residue  of  279  gr.,  or  27  per  cent.  100  parts  of  this 
dried  cane  lost  anew  3.3  of  water.  It,  therefore,  contained  73.9 
of  water,  and  26.1  of  solid  matter,  composed  of  sugar,  woody  fibre, 
and  salts.  3.132  gr«  of  this  cane  of  27 -per  cent,  dry  residue,  left 
1.03  of  stove-dried  woody  fibre.  Whence  it  follows  that  when  fresh 
this  cane  was  composed  of: 

Water 73.9 

Soluble  matter 17.2 

Woody  fibre 8.9 

100.0 

No.  18.  First  rattoons.  (Second  growth.)  Cfut  up  and  dried  as 
above.  One  kilogramme  left,  at  Guadeloupe,  290  gr.,  or  29  per 
cent.  By  renewed  desiccation,  this  quantity  became  reduced  to 
28.3.  3.041  gr.  of  this  cane  of  29  per  cent,  left,  by  washing,  1.113 
of  woody  fibre  when  dried.     Which  give&: 

Watcr 71.7 

Soluble  matter 17.8 

Woody  fibre .•... 10.6 

100.0 

No.  19.  Second  rattoons.  (Third  growth.)  Cut  up  and  dried  as 
above.  The  residue  of  the  desiccation  in  Guadaloupe  was  29  per 
cent.;  it  became  equal  to  26.4.     By  washing  this  cane  I  obtained: 

Water 71.6 

Soluble  matter •  •  •  • »•••••     16.4 

Woody  fibre • 12.0 

100.0 

No.  20.  Third  rattoons.  (Fourth  growth.)  The  desiccation  in 
Guadaloupe  left  29.3  per  cent.  This  residue,  dried  again,  was  re- 
duced to  27.9,  and  gave: 

Water 73.0 

Soluble  matter 16.8 

WoQdy  fibre 10.2 

100.0 
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No.  ^1.  Knots  of  the  cane.  Cut  and  dried  by  themftelTcs*  Tke 
residftiey  at  Guadaloupe,  was  29.4  per  cent.;  it  also  became  29.2. 
These  yielded: 

Water, 70.8 

Soluble  matter, 12.0 

Woody  fibre, 17.2 

100.0 

No.  22.  Canes  of  8  months.  Tbe  residue  in  Guadaloupe  wu 
5^.6  per  c^nt.;  it  became  26.1,  and  gav^: 

Water,.,.; 73.9 

Soluble  matter, ;....     18.? 

Woody  fibre, 7.9 

100.0 

No.  23.  Canes  of  10  months.  The  residue,  wKich  was  29  at  Gua- 
daloupe, reduced  to  27.7  per  cent.  These  canes,  when  fresh,  were 
composed  of: 

Water, 72.3 

Soluble  matter, 18.5 

Woody  fibre, 9.2 

100.0 

No.  24.  Inferior  part  of  the  cane.  The  residue  was  28.8  per 
cent,  at  first,  and  reduced  to  26.3.    This  part  of  the  cane  contained: 

Water, 73.7 

Soluble  matter, •..•••.,••..•     15.5 

Woody  fibre, 10.8 

100.0 

No.  25.  Middle  portion  of  She  cane.  The  residue  was  28.6.  It 
became  27.4.     This  part  of  the  cane  contained: 

Water, 72.8 

Soluble  matter, 16.5 

Woody  fibre, 10.9 

100.0 

No.  26.  Superior  part  of  the  cane.  The  residue  was  28.2  per 
cent.     It  reduced  to  27.2.     This  part  contained: 

Water, 72.8 

Soluble  matter,  ; .  •  • • 15.5 

Woody  fibre, 11.7 

106.0 
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By  treating  these  specimens  of  cane  with  alcohol  and  with  water, 
I  ascertained  that  almost  all  the  soluble  matter  which  they  con- 
tained was  crystallizable  sugar. 

I  also  established  the  existence  of  the  deliquescent  matter  of  M. 
Heryy.  This  matter  dissolves  in  very  strong  alcohol  without  heat; 
but  it  was  impossible  for  me  to  determine  the  exact  quantity,  be- 
cause a  small  quantity  of  sugar  always  dissolves  at  the  same  time, 
however  concentrated  the  alcohol  may  be.  M.  Hervy  says  that  he 
extracted  from  dried  cane  3  per  cent,  of  deliquescent  matter.  This 
quantity  is  certainly  excessive:  in  the  Jirst  place,  M.  Hervy  believ- 
ing that  the  cane  was  dried  in  15  minutes  by  a  temperature  of  60 
degrees  centijrrade,  does  not  seem  to  have  been  sufficiently  aware 
of  the  difficulty  of  absolute  desiccation;  then,  having  treated  the 
cane  with  alcohol  of  95  per  cent.,  it  is  impossible  that  a  small  quan- 
tity of  sugar  should  not  have  been  dissolved,  although  his  delique- 
scent matter  was  without  a  saccharine  taste. 

It  appears,  by  comparing  the  analyses  which  I  have  just  enume- 
rated, that  they  diflFer  very  little  from  each  other.  The  plant  canes 
and  rattoons  offer  nearly  the  same  composition. 

The  canes  of  10  months  contain  nearly  one  per  cent,  more  of 
woody  fibre  than  those  of  8  months:  they  seem  also  to  contain  a 
little  more  sugar. 

The  knots  contain  much  more  woody  matter  than  the  other  parts 
of  the  cane.  This  result  was  certainly  to  have  been  expected;  but 
what  was  not  anticipated,  the  proportion  of  water  contained  in  those 
knots  is  the  aeme  as  that  in  the  other  portions,  so  that  the  differ- 
ence falls  wholly  upon  the  sugar.  The  juice  obtained  by  crushing 
these  knots  should  be  considerably  poorer  in  saccharine  matter  than 
the  ordinary  juice. 

The  cotnparative  analysis  of  the  cane  cut  into  three  portions 
should  be  of  interest.  The  results  which  I  have  obtained  prove 
that  the  differences  in  the  proportion  of  sugar  are  so  small  that 
they  may  depend  on  errors  inherent  in  the  indirect  method  which  I 
eoiployed.  Those  differences  can  only  be  determined  with  certainty 
by  analyses  made  on  the  spot  by  an  experienced  chemist. 

These  results  collectively  lead  to  th^  conclusion,  that  the  mean 
composition  of  the  cane  is  at  present  known;  they  fully  establish 
the  fact  that  the  gummy,  mucilaginous  and  other  substances,  which 
were  supposed  to  be  contained  in  that  plant,  do  not  exist,  any 
more  than  uncrjstallizable  sugar. 

I  will  now  allude  to  several  questions  important  in  many  respcts, 
which  are  connected  with  the  results  which  I  have  established. 

Molasses  does  not  pre-exist  in  the  cane — that  is  now  certain;  what 
is  the  source,  then,  of  that  which  is  always  obtained  in  the  extrac- 
tion of  its  sugarl  and  what  are  the  means  to  be  employed,  if  not 
to  avoid  its  production  entirely,  at  least  to  diminish  the  proportion? 

I  do  not  believe  that  any  chemist  or  manufacturer  can  at  present 
answer  these  questions  in  a  manner  entirely  satisfactory;  neverthe- 
less, it  must  be  admitted  that,  within  a  few  years,  they  have  been 
greatly  elucidated  by  direct  experiments,  and  by  reasoning  and 
analogy. 
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I  think  it  the  more  useful  to  discuss  them  somewhat  fully  here, 
because  they  concern  not  only  the  manufacturer  but  even  the  coIo-  • 
nial  culture;  and  because  the  considerations  Vhich  I  may  submit 
upon  this  subject,  though  tkey  will  not  be  new  to  every  one,  yet 
seem  not  to  have  attracted  hitherto  the  attention  of  the  persons 
who  are  the  most  interested  in  their  proper  appreciation*. 

If  the  chemical  composition  of  the  cane  is  not  constant;  if  it 
varies  with  the  age  of  the  plant,  with  the  nature  of  the  soil,  and 
particularly  with  the  influences  of  climate  which  have  attended  its 
germination  and  development,  the  proportions  of  sugar  and  of  mo- 
lasses obtained  in  the  manufacturing  operations  varies  in  turn  be- 
tween much  more  extended  limits. 

Thus  it  results  from  information  gathered  by  M.  Dupuy,  in  Gau- 
daloupe,  and  set  forth  in  the  first  part  of  his  report,  that  in  making 
100  parts  of  sugar  of  ordinary  qualities  in  that  colony,  from  30  to 
60  parts  of  molasses  are  obtained.  M.  Guignod  says  that  100  parts 
of  juice  of  the  coloaial  density  11^  Baum6  can  yield  by  careful 
working  17.6  of  first  and  second  sugars,  which  supposes  a  produc- 
tion of  a  residue  of  25  per  cent,  nearly  of  molasses;  lastly,  I  am 
informed  by  M.  Vincent,  a  very  skilful  sugar  manufacturer  from 
Bourbon,  that  by  using  bone  black  and  a  vacuum  pan  for  concen- 
trating the  syrups,  the  molasses  is  reduced  almost  to  nothing. 

These  difi'erences  obtained  with  canes  which  are  neatly  of  the  same 
saccharine  richness,  show  that  the  processes  of  extraction  exert  a 
very  variable  influence  upon  the  production  of  the  molasses;  they 
also  prove  in  their  turn  that  it  is  not  already  formed  in  the  cane, 
but  that  it  results  from  the  destruction  of  a  quantity  of  sugar 
which  is  evidently  equal  to  the  weight  of  molasses  produced. 

Among  the  causes  of  this  incontestable  destruction,  some  may 
be  avoided  at  least  in  part;  others  must  continue  to  exert  their  evil 
influence,  because  they  depend  less  upon  the  processes  of  working 
than  upon  the  nature  of  the  cane  and  of  the  sugar  derived  from  it. 

I  will  point  out  and  discuss  successively  these  various  causes: 

I.— TAe  viscous  fermentation. 

When  cane  juice  is  left  to  itself,  the  sugar  which  it  contains  is 
transformed  spontaneously  into  a  substance  which  is  not  sweet,  and 
which  renders  it  thick,  viscid  and  ropy  as  if  it  contained  gum. 
The  higher  the  temperature  of  the  atmosphere,  the  more  readily  is 
this  substance  developed;  the  longer  the  juice  remains  in  the  reser- 
voirs into  which  it  flows  from  the  mill,  the  greater  the  quantity 
produced. 

Its  formation  is  so  frequent  in  the  colonies  that  this  substance 
has  long  been  admitted  to  pre-exist  in  the  juice  in  its  sound  state. 
It  is  the  gum  which  authors  describe  as  existing  in  variable  pro- 
portions. 

The  properties  of  this  substance  are  very  little  known.  I  have 
intended  to  make  it  shortly  the  subject  of  a  particular  investigation. 
It  is  known  only  that  it  is  insoluble  in  alcohol,  which  precipitates 
it  from  its  aqueous  solution  in  the  form  of  a  pearl  white  flexible 
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net,  'whicb,  by  desiccatioD,  assamcs  the  appearance  of  dry  kneaded 
crumb  of  bread.  Its  properties  and  elementary  composition  estab- 
lish for  it  a  parentage  like  that  of  starch. 

I  hare  ascertained,  by  aid  of  the  microscope,  that  its  formation 
takea  place  under  the  influence  of,  or  rather  in  the  presence  of  a 
substance  which  exists  in  very  small  globules  in  saccharine  juices 
which  are  not  acid,  and  renders  them  unsettled;  also,  when  the 
juice  has  been  defecated  with  bone  black  it  becomes  incapable  of 
undergoing  this  peculiar  fermentation  as  rapidly. 

This  substance  is  injurious  for  several  reasons.  It  is  formed  at 
the  expense  of  a  certain  quantity  of  sugar;  it  renders  the  evapora- 
tion of  the  syrup  difficult.  When  the  concentration  is  inished,  it 
hinders  the  crystallization  of  part  of  the  sugar  which  has  not  been 
destroyed.  Lastly:  at  the  same  time  that  it  is  formed  it  determines 
or  precedes  the  production  of  an  acid,  which,  in  turn,  contributes 
probably  to  the  destruction  of  another  portion  of  sugar. 

We  can  prevent  its  ioi\nation  by  heating  the  juice,  or  by  defe- 
cating it  immediately  after  its  extractioa,  the  action  of  the  sub- 
stance, which  plays  the  part  of  a  ferment,  being  destroyed  at  the 
temperature  of  boiling  water.  It  is  possible  that  the  same  end 
might  be  accomplished  by  passing  the  juice  through  bone  black  as 
it  flows  from  the  mill.  When  once  rendered  limpid,  by  this  or  any 
other  method,  it  will  keep  much  longer  without  alteration. 

One  of  the  advantages  of  the  process  of  maceration,  which  I 
have  discussed,  would  be  the  more  ready  avoidance  of  this  viscous 
fermentation. 

II. — Tkt  employment  of  too  high  a  temperature  in  the  concentration 

of  the  juice. 

This  cause  of  alteration  is  so  well  known  that  it  is  unnecessary 
to  dwell  upon  it. 

It  is  known  that,  in  pans  exposed  to  the  direct  action  of  the  fire, 
it  often  happens  that  the  juice  is  heated  to  a  temperature  so  high 
that  a  quantity  of  the  sugar  is  converted  into  a  brown  mncrystal- 
lizable  substance,  called  caramel^  which  is  deliquescent.  The  ex- 
istence of  caramel  in  the  strike  prevents  the  crystallization  of  part 
ef  the  sugar,  and  thus  produces  an  additional  quantity  of  syrup  or 
molasses. 

Nobody  doubts,  at  this  day,  that  those  pans  in  which  the  strike 
cannot  be  caramelized  furnish  a  more  abundant,  drier,  and  less  col- 
ored sugar.  Apart  from  the  inconvenience  which  their  high  cbst 
and  expensive  repairs  occasion,  vacuum  pan^  seem  to  unite  the  con- 
ditions best  adapted  to  the  concentration  of  syrups,  since  evapora-* 
tion  is  performed  in  them  rapidly,  and  at  a  temperature  inferior  to 
100°  centigrade,  (212^  Fahrenheit.) 

III. — Excessive  acidity  or  alkalinity  of  tht  juice. 

Cane  juice  becomes,  under  circumstances  not  very  well  known^ 
Strongly  acid,  while  it  is  nearly  neutral  in  the  fresh  and  healthy 
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can^;  this  acidity  is  due  to  acetic  and  lactic  acids^  which  foroi 
during  this  alteration. 

In  my  opinion^  the  action  of  those  acids  has  been  badly  under- 
stood. It  is  believed  that  they  cause  the  transformation  of  cane 
sugar  into  fruit  sugar — into  glutose;  a  variety  of  sugar  which  is 
known  to  be  uncrystallizable  when  it  contains  a  small  quantity  of 
foreign  matter.  Doubtless,  if  the  acetic  and  lactic  acids  were  more 
energetic  it  would  be  thus;  but  direct  experiment  proves  that  when 
they  are  brought  into  contact  with  a  pure  solution  of  sugar,  even 
for  a  considerable  length  of  time,  they  do  not  cause  it  to  undergo 
any  change.  The  direct  action  of  those  acids  is  not,  therefore,  to 
be  feared;  what  should  be  dreaded  is  their  formation  itself,  because 
it  indicates  always  a  previous  change  in  the  juice. 

It  is  known,  indeed,  that  as  soon  as  a  syrup  commences  to  un- 
dergo alcoholic  fermentation,  its  sugar,  before  being  changed  into 
carbonic  acid  and  alcohol,  first  suffers  profound  modification:  it 
becomes  fruit  sugar,  and  ceases  to  be  cryAallizable;  the  alcohol 
afterwards  forms;  this  substance  is  transformed  in  turn,  under  the 
oxidizing  influence  of  the  air,  into  acetic  acid;  so  that  that  acid 
succeeds,  indicates,  but  does  not  determine  the  formation  of  the 
molasses,  which  is  due  chiefly  to  the  existence  of  fruit  sugar. 

Moreover,  it  does  not  appear  that  alcoholic  fermentation  occurs 
ordinarily  in  cane  juice,  which  is,  on  the  contrary,  very  subject  to 
viscous  iermentation,  as  we  have  already  stated.  The  latter  is  at- 
tended, or  followed  by  a  certain  quantity  of  lactic  acid,  which  is 
produced,  as  well  as  the  viscid  matter,  at  the  expense  of  the  sugar. 
Recent  researches  authorize  the  following  views  upon  this  subject: 

The  analysis  of  nitrogenous  substances  has  shown  that  those 
which  abound  in  anicials,  such  as  albumen,  fibrin,  caseum,  are  iden- 
tical with  those  found  in  much  less  quantity  in  vegetables;  thus  the 
nitrogenous  substance,  called  vegetable  albumen,  which  exists  in 
the  cane,  and  especially  in  the  beet,  seems  to  Lave  all  the  charac- 
ters of  the  caseous  substance  of  the  milk  of  animals. 

Again:  The  experiments  of  M.  Th^nard,  together  with  those  of 
MM*  Boutron  and  Fr^my,  have  shown  that  when  an  animal  sub- 
stance in  spontaneous  decomposition  is  brought  into  contact  with 
neutral  vegetable  substances,  such  as  sugar,  gum,  starch,  etc.,  it 
transforms  them  into  lactic  acid;  it  is  thus  that  the  caseum  acts 
iipon  the  sugar  of  milk;  and  thus  that  cane  sugar,  in  contact  with 
animal  membrane,  is  converted  into  lactic  acid. 

Now,  since  the  identity  of  the  nitrogenous  substances  of  the 
Tegetsrble  and  animal  kingdoms  seems  to  be  demonstrated,  and  since 
cane  juice  contains  caseum,  it  is  probable  that  it  is  the  spontaneoas 
decomposition  or  putrefaction  of  that  substance  which  produces  the 
lactic  fermentation,  and  likewise  the  viscous  fermentation. 

But  whatever  may  be  the  case  in  relation  to  this  subject,  it  is 
certain  that  the  dosing  of  cane  juice  with  lime  preserves  it,  at 
least  for  some  time,  from  those  alterations. 

The  action  of  lime  upon  saccharine  juices  offers  different  phases, 
to  which  it  may  be  useful  to  call  attention-;  for  there  are  also  seve* 
ral  dangers  in  connexion  therewith  which  should  be  avoided. 
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Id  tb«  first  place,  adilTere&ce  should  be  established  between  the 
effects  of  defecation  of  cane  juice  and  t)iose  of  the  same  operation 
upon  beet  juice*  For  the  latter,  defecation  is  indi5pensaDle«^the 
lime  separates  from  it  a  large  proportion  of  foreign  substanceS) 
which,  as  long  as  they  are  united  with  it,  prevents  the  crystalliza- 
tion of  its  sugar  entirely.  For  cane  juice,  defecation  is  useful— it  is 
€Ten  necessary,  but  not  in  the  same  degree,  nor  to  the  same  extent; 
tot  the  foreign  matter  which  exists  in  this  liquid  is  in  such  small 
pioportion  that\all  its  augar  may  be  obtained  in  a  crystalline. state, 
without  the  intervention -of  lime.  .  I  have  den^onstrated  these  facts 
in  form^er  works. 

I  am  coAvinoed  that,  if  cane  juice  could  be  worked  without  hav- 
ing  already  undergone,  alid  without  its  being  possible  for  it  to  un- 
dergo any  alteration,  its  defecation  would  be  unnecessary;  for  the 
principal  object  thereof  is  to  assure  its  good  keeping,  or  most  fre- 
quently to  arrest  and  limit  the  spontaneous  modifications  which  it 
experiences. 

It  is,  moreover,  chiefly  in  clarifying  the  cane  juice,  in  order  to 
free  it  of  substances  which  render  it  turbid,  and  act  subsequently 
afi  agents  of  fermentation,  that  defecation  is  useful;  it  is  equi violent 
to  a  rapid  filtration;  it  does  not  separate  completely  the  nitroge- 
nous substance  which  produces  viscous  fermentation,  for  the  defe- 
cated juice  becomes  thick  when  it  has  been  kept  some  days;  but  it- 
retards  its  action,  especially  because  it  renders  it  necessary' to  heat 
the  liquid,  and  frequently  even  to  boiling. 

When  cane  juice  contains  considerable  quantities  of  free  acid, 
lime,  in  saturating  them,  introduces  uncrystallizable  salts,  which 
keep  a- portion  of  sugar  in  the  liquid  state;  this,  without  doubt,  is 
the'cause  to  which  the  large  proportion  of  molasses  is  to  be  as- 
iCribed. 

If  the  juice  has  commenced  to  suffer  alcoholic  fermentation^,  the 
defecation  acts  iu  a  different  manner;  it  cause#,'  at  the  same  time, 
new  advantages  and  new  disadvantages;  it  saturates  the  carbonic 
acid;  it  combines  with  the  glucose  (fruit  sugar)  which  accompanies 
or  precedes  the  formation  of  that  acid;  then  this  combination  suf- 
fer$  almost  immediate  destruction,  the  glucose  becoming  an  acid 
{glucic  acid)  ucder  the  influence  of  the  lime.  The  action  does  not 
atop  with  the  formation  of  glucate  0/  lime;  for  that  salt  ia  trans- 1 
formed  into  another,  which  is  of  a  dark  brown  color — the  molassate 
of  /me— and  which  constitutes,  together  with  caramel,  the  color- 
ing principle  of  brown  sugars  and  of  molasses. 

Hence  it  would  seem  that  the  use  of  lime  in  large  quantity  is  not 
as  advantageous  as  it  is  thought,  when  altered  saccharine  juices  are^ 
workedj  but  the  daily  practice  seems  to  demonstrate  the  contrary. 
It  is  well  known  that,  in  the  beet  sugar  manufacture,  more  lime  is 
used  at  the  close  of  the.season  than  at  its  commencement;  it  is  also 
known  that  the  products  then  obtained  are  always  less  abundwt 
and  much  more  cqjored. 

We  may  form  some  idea  of  the  advantage  which  is  obtained  by 
increaaiog  the  proportion  of  lime,  when  the  juice  has  suffered  alt^ 
ration,  hy  considering  the  fact  that  glucate  and  molaasAte  of  lio^   * 
37 
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are  more  fluid  in  concentpated  syrup  than  glucose  itself,  so  that 
the  destruction  of  the  latter  becomes  preferable  to  Us  preseryation, 
because  it  offers  opposition  by  its  viscid  consistence  to  the  crystal- 
lization of  a  larger  proportion  of  sugar. 

I  have  established  by  direct  experiments  that  moUsses  always 
contains  much  of  the  two  calcareous  saltsy  the  formation  of  which 
I  have  just  explained. 

Defecated  juices  should  be  as  neutral  as  possible.  As  this  neu- 
trality cannot  be  obtained  in  prractice,  (hey  are  very  slightly  alka- 
line when  properly  performed.  This  excess  of  lime  produces 
glucate  of  lime,  if  the  juice  is  altered,  and  saccharate  of  lime,  if  it 
Be  sound.  The  latter  salt  is  uncrystallizable — it  coagulates  by 
heat;  when  it  exists  in  sufficiently  tarse  proportion  in  concentrated 
juice,  it  renders  evaporsLtion  sluggish  and  difficult.  It  also  con- 
tributes to  prevent  the  crystallization  of  a  portion  of  sugar. 

Lime  employed  in  excess  should  be  particularly  injurious  in  the 
colonial  sugar  houses,  where  animal  black  is  net  employed;  for  it 
should  be  understood  that  it  is  by  absorbing  any  excess  of  lime, 
much  more  than  by  decolorization,  that  bone  black  has  become  so 
powerful  an  auxiliary  in  the  manufacture  of  beet  and  cane  sugar. 

There  is  another  inconvenience  arising  from  the  use  of  lime,  at 
least  in  some  localitiesi  it  is  the  production  of  a  calcareous  crust 
on  the  inside  of  the  evaporating  pans. 

Mr.  Avequin,  in  a  recent  article,  has  called  attention  to  the  for- 
mation of  the  cal  (the  name  by  which  that  crust  is  designated)  in 
the  manufacture  of  sugar  in  Louisiana,  where  he  resides. 

According  to  Mr.  Avequin,  several  days  working  are  sufficient  to 
cause  the  formation  of  a  crust  in  the  sugar  pans,  which  adheres  to 
them  the  more  strongly  the  longer  they  ar^  used  without  cleaning. 
This  cal  hinders  or  retards  the  ebullition  of  the  juice,  for  it  con- 
duets  heat  very  biidly.  Its  cracking  during  the  work  manifests 
ifself  by  a  peculiai^hissing  sound,  which  is  produced  in  the  pan. 
At  the  same  time  the  saccharine  liquid  infuses  itself  between  the 
crust  and  the  pan,  which,  being  coated  with  a  non-conductiiig  sub- 
stance, becomes  much  hotter  than  the  liquid,  and  puffs  of  white 
vapor  appear  in  consequence  of  t.'ie^decomposition  of  a  portion  of 
sug&r. 

To  remove  the  cal  from  a  pan,  the  sugar  makers  are  obliged  to 
heat  it  to  redness,  to  burn  it,  as  they  say.  The  crust  is  carbonized, 
and  detaches  itself  in  large  'flakes,  which  are  sometimes,  says  Mr. 
A.vequin,  6  or  8  centimetres  (2  or  3  inches)  thick.  The  cat  is  so 
hard  that  the  hammer  and  chisel  produce  but  little  effect  upon  it. 

Mr.  Avequin  attributes  the  troublesome  formation  of  this  sub- 
stance to  the  biphosphate  of  lime,  which,  according  to  him,  exists 
in  very  large  quantity  in  the  cane;  but,  besides  that  this  assertion 
i^  in  contradiction  with  all  the  analyses  which  prove  that  the 
phosflhate  of  lime  does  not  exist  in  greater  proportion  in  thia  plant 
than  in  the  saps  of  other  vegetables,  the  examination  which  he  has 
made  of  that  substance  (an  examination  which,  indeed^  leaves  much 
to  be  desired)  leads  to  a  conclusion  quite  different  from  his  own. 
For  Mr.  Avequin  found  that  1,000  grammes  of  cal  yield,  by  suit* 
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able  incineratioD,  during  which  much  inflammable  gas  escaped^ 
49S  grammes  of  a  calcareous  residue;  and,  because  100  grammes 
thereof  leave,  by  successtre  treatment  with  nitric  acid  and  ammo* 
Ilia,  93  grammes  of  a  substance  which  seems  to  have  the  character 
of  phosphate  of  lime,  he  admits  that  the  formation  of  the  cal  is  due 
essentially  to  the  deposition  of  phosphate  of  lime  during  the  con- 
centration of  defecated  juice. 

From  this  analysis  itself  it  is  evident  that  the  cal  is  really  formed 
of  an  organic  substance,  which  exists  in  it  in  the  proportion  of  61 
per  cent.  This  substance  is  combined  with  the  lime,  and  is  mixed 
with  the  phosphate  of  lime. 

What  is  that  substance?  What  is  the  origin  of  that  large  pro- 
portion of  phosphate  of  Hmel  It  is  for  the  purpose  of  contributing 
I  to  the  solution  of  these  questions  that  I  have  related  the  experi- 
ments of  Mr.  Avequin.  Does  not,  for  example,  the  phosphate  of 
,  line  proceed  from  the  use  in  defecation  of  lime  priepared  by  cal- 
cinini^  oyster  shells,  which,  as  is  known,  contain  a  large  proportion 
of  phosphate  of  lime?  Lime  of  such  a  nature  has  been,  I  am 
assured,  employed  in  some  places.  We  can  readily  understand 
how  such  lime,  if  put  into  acid  juice  in  insufficient  quantity  to  satu- 
rate it,  would  introduce  the  phosphate  of  lime.  Again,  does  not 
this  cal  contain  carbonate  of  lime,  which,  held  in  solution  by  the 
free  carbonic  acid  of  fermented  and  badly  defecated  juice,  would 
be  deposited  when  that  acid  is  driven  off  by  the  ebullition  of  the 
liquid,  as  occurs  with  those  kinds  of  water  which  are  called  en- 
crusting {incrustantesi) 

These  questioift  being  settled,  it  will  doubtless  be  easy  to  pre- 
rent  the  formation  of  an  accidental  substance  so  injurious  to  the 
manufacture  of  sugar. 

IT. — The  existence  of  mineral  $aUs  in  the  cane. 

The  salts  which  exist  in  solution  in  cane  juice  contribute  also  to 
the  formation  of  molasses.  Their  influence  is,  perhaps,  less  than 
that  of  the  causes  which  we  have  enumerated,  but  it  is  assuredly 
more  difficult  to  avoid. 

Among  those  salts  is  common  salt,  which  forms^  by  combining 
with  sugar,  a  deliquescent  compound,  in  which  one  part  of  salt^ 
united  with  six  parts  of  sugar  nearly,  renders  uncrystallizable  still 
another  portion  of  sugar.  We  may  estimate,  I  think,  at  fram  10  to 
15  per  cent,  the  quantity  of  surar  which  1  or  2  per  cent,  of  soluble 
^  salts  would  hinder  from  crystallizing. 

Is  the  quantity  of  these  salts  proportional  to  that  of  the  ^gar? 
This  question  is  of  High  importance,  and  the  elements  which  we 
now  possess  are  insufficient  for  its  solution.  The  comparative 
analysis  of  juices,  rich  and  poor,  in  sugar,  and  the  determination  q{ 
their  salts,  would  doubtless  lead  to  its  solution. 

If,  as  is  infinitely  prob9ble,  the  secretion  of  those  saline  com- 
pounds, which  are  the  same  in  the  cane  as  in  most  vegetable  juicesi 
18  independent  of  the  formation  of  the  sugar,  it  would  be  very  use« 
ful  to  subject  the  manures  used  in  the  cultivation  of  that  plant  to 
a  careful  investigation.     It  is   essential,  indeed,  to   distinguish 
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amooff  plants  those  wkich  should  serve  directly  for  food  to  ma|i  or 
^nimalsi  from  those  vhich  are  only  cultivated  because  they  elabo- 
rate products  which  are  to  be  subsequently  extracted  by  particular 
processes.  If  the  action  which  manures  exert  upon  the  develop- 
ment of  the  iirst  is  but  partially  known,  the  infloence  of  the  same 
manures,  if  not  upon  the  quantity,  at  leaat  upon  the  quality  of  the 
second,  has  not  yet  been  sufficiently  studied.  Yet,  it  is  known  that 
the  most  energetic  manures  are  those  which  are  least  adapted  to 
jbeets  designed  for  sugar  making;  and  that  those  plants  appropriate 
.and  assimuate,  with  astonishing  avidity,  all  the  salts  which  are 
contained  in  the  surrounding  soil. .  I  have  analyze4i  for  instance, 
beets  which  grew  in  grounds  too  much  enriched  with  dung,  and 
found  them  to  contain  2  per  cent,  of  nitre.  By  digesting-  them  in 
warm  dilute  alcohol,  after  drying  themi  that  salt  separated  in  crys- 
tals, before  the  sugar. 

It  is  probably  to  this  same  cause,  viz.,  the  presence  of  soluble 
salts  in  too  large  quantity  in  the  soil,  tkat  we  snould  attribute  tke 
difficulty  of  workino;  canes  which  grow  in  new  lands,  recently 
cleared  and  rendered  too  fertile  by  the  salts  furnished  by  the  inci- 
neration of  the  trees  which  covered  them.  Those  canes  present  a 
^reat  development,  a  luxuriant  vegetation,  but  yield  syrups  almost 
uncrystallizaole. 

The  influence  of  unripe  canes  upon  the  quality  of  cane  juice^ 
an  influence  which  the  colonists  agree  in  considering  most  perni- 
cious^-^should  probably  be  attributed  to  thesafue  cause.  I  do  not 
think  that  we  should  admit  the  existence,  at  any   period  of  the 

J[rowth  of  the  cane,  of  an  organic  substance  iibich  precedes  the 
ormation  of  the  sugar,  and  which  diminishes  or  even  hinders,  by 
its  presence,  the  crystallization  of  the  latter.  The  existence  of 
such  a  substance  is  generally  believed  in  the  colonies,  where  they 
call  it  gum,  mucilage,  &c.;  but  it  is  almost  certain  that  the  forma- 
tion of  sugar  is  similar  in  the  cane  and  in  other  saccharine  plants, 
which  are  not  acid.  Some  years  since  I  ascertained  that,  at  all  pe- 
riods of  the  growth  of  the  beet,  sugar  exists  in  nearly  the  same 
ptoportions,  relatively  to  the  water  and  other  soluble  substances  in 
it;  so  that  in  very  small  beets,  of  the  thickness  of  a  goose  quill,  I 
found  a  juice  as  rich  in  sugar  as  that  of  much  larger  and  older 
beets.  It  is  not  until  the  beet  has  attained  its  full  growth,  and  its 
increase  has  ceased  for  some  time,  that  the  proportion  of  sugar  be- 
comes greatly  augmented. 

It  is  probable  that  the  same  thing  happf^ns  for  the  cane;  unripe 
canes  contain  always  crystallizable  sugar  only;  mucilage  does  not 
exist  in  it  at  any  period;  and  if  they  are  more  difficult  to  work|  if 
they  yield  less  sugar,  it  is  to  the  predominance  of  the  salts  which 
.are  secreted  before  the  sugar  that  the  difficulties  and  losses  are  to 
be  attributed;  it  is  they  which  render  a  greater  proportion  of  sugar 
uncrystallizable. 

The  same  explanation  may  be  given  for  the  variations  observed, 
in  regard  to  the  taste,  in  different  parts  of  the  same  cane;  the  top 
offers  a  taste  less  sweet,  because  it  contains  more  saline  matter 
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tkan   the    inferior    portion,    -vhieh    is    more    adyanced    towards 
maturity. 

If  these  conjectures  are  well  founded,  a  careful  selection  of  the- 
manures  to  be  used  should  always  be  made;  those  which  are  rich, 
in  vegetable  matter,  of  easy  decomposition,  and  poor  in  mineral 
salts,  are  probably  the  best.  In  Ouadaloupe,  they  make  much  use 
of  a  manure  known  by  the  name  of  sei-filth,  {boue  de  mery)  which 
collects,  in  quantities  more  or  less  considerable,  in  various  places 
upon  the  shore,  and  which  is  composed  of  an  arffillaceous  earth 
mixed  with  shells  and  vegetable  matter  of  the  family  of  the  alete^ 
etc.  This  manure,  according  to  the  analysis,  made  of  it  by  M.  Du^* 
^  pny^  who  extols  its  efficacy,  contains,  when  dried,  2.5  per  cent,  of 
soluble  saline*matter,  in  which  common  salt  predominates.* 

It  is  not  to  be  doubted  that  this  manure  is  well  adapted  to  promote 
the  development  of  the  canes,  for  long  experience  has  demonstta^ 
ted  \X;  but  do  not  the  salts  which  it  contains  contribute  to  diminish* 
the  yield  of  the  juice  in  sugar,  so  that  with  a  manure  less  saline^ 
less  cane  would  perhaps  be  obtained,  but  more  sugar  1  This  ques- 
tion is  one  which  it  would'be  useful' to  settle,  and  which  careful 
observations  by  the  colonists  would  determine.  Manure,  at  the 
same  time,  two  equal  fields  of  cane — one  with  this  houe  de  mtr^  in 
the  ordinary  manner,  and  the  other  with  the  same  manure  washed 
with  rain  water;  ascertain  the  weight  of  canes  and  of  sugar 
yielded  by  each  of  these  fields,  taking  care  to  proceed  always  in 
the  same  manner;  assuredly,  this  is  an  ex{>eriment  which  can  be 
tried  without  much  expense  or  diftculty. 

Probably  the  advantages  produced  by  the  action  of  manures  in 
the  development  of  canes  are  somewhat  counterbalanced  by  the 
inconvenience  they  cause  by  the  salts  which  they  introduce  into 
the  plant.  Certain  manures  of  very  doubtful  value,  in  view  of 
their  composition,  are  imported  from  Europe  at  great  expense. 
May  not  the  advantage  whicfh  attends  their  employment  in  the  ctAr 
onies  be  due  chiefly  to  their  inferior  efficacy  1 

I  have  now  enumerated  the  principal  causes  which  ten'd  to  pro* 
duce  molasses  in  the  extraction  of  sugar.  If  the  last,  whtch  de^^ 
pends  on  the  nature  of  the  eane  itself,  cannot  be  avoided,  at  least 
in  the  present  state  of  our  knowledge  concerning  the  formation  of 
vegetable  juices  and  the  rational  culture  of  plants,  the  others  mAy 
disappear  in  great  part  under  intelligent  management.  In  discuss- 
ing those  c'huses  I  have  not  had  the  pretension  to  sav  anything 
which  is  not  almost  admitted  by  the  chemists,  at  least  by  those  of 
them  who  have  occupied  themselves  with  these  questions.  But  it 
is  not  for  them  that  this  work  has  been  done;  if  it  should  receive 
any  publicity,  th#  colonists,  whom  it  chiefly  concerns,  will  perhaps 
accord  to  me  credit  for  having  rendered  some  vague  points  of  their 
operations  more  precise,  and  for  starting  some  questions,  of  which- 
the  solution,  which  they  can  determine,  interests  them  in  a  high 
degree. 

^     ■   ■    "  .      M        ■■■    I      .11  I      I     ■  I  III  I  I    ■  I ■    ■■    H  1  r       I      11        ■  ■!— fc— .^M^ 

*  I  hftve  fcmiicl,  bj  at  ualysit  of  this  mBnnre^  that  it  ooDtains  4  per  cent,  of  aoloble  aist* 
ter^  lAoi  vhicb  is  conaion  sak.    It  also  ooatama^T  per  oent.  of  argaiic  sabstaneea. 

K«  P« 
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This  discussion  of  facts,  either  probable  or  certain,  which  give 
rise  to  the  production  of  molasses,  would  be  incomplete  if  I  were 
not  to  add  to  it  some  reflections  upon  the  effects  which  that  substance 
exerts  upon  the  crystallization  of  the  sugar. 

Although  it  be  very  evident  that  the  proportion  of  molasses  pro- 
duced in  the  manufacture  of  cane  sugar  is  now  much  too  gieat^  t 
am  far  from  pretending  that  the  production  of  that  residual  matter 
should  be  entirely  avoided.  I  even  believe  that  when  all  the  causes 
oif  alteration  which  have  been  enumerated  above  should  be  over- 
come, the  sugar  would  not  be  produced  in.  a  commercial  condition 
unless  a  certain  quantity  of  mother  liquor,  of  uncrystallizable  mo- 
lasses sugar,  were  {then  designedly)  formed.. 

This  assertion  demands  some  development.  Sugar,  like  all  sub- 
stances susceptible  of  crystallization,  can  present  vanous  aspects, 
according  to  the  circumstances  under  which  it  solidifies.  If  its 
passage  from  the  liquid  to  the  solid  state  be  sudden  it  has -a  vitre- 
ous appearance,  like  that  of  barley  sugar;  if,  on  the  contrary,  tliat 
passage  be  very  slow,  it  .forms  prismatic  crystals,  which  are  trans- 
parent, and  as  large  as  those  of  rock  candy;  bet^^^en  these  extremes 
there  are  intermediate  conditions. 

The  crystalline  appearance  of  commercial  sugar  can  be  obtained 
only  by  the  development  of  crystals  rapidly  and  freely  in  a  dense 
and  liquid  medium;  if  this  medium  itself  should  crystallize,  the 
mass  would  be  confused,  the  crystalline  grains  would  not  be  sepa- 
rate, and  the  sugar  thus  produced  would  be  rejected  in  commerce, 
accustomed  as  men  are  to  estimate  the  nature  and  value  of  articles 
oply  by  means  of  their  form. 

It  is,  therefore,  in  this  liquid  mass  that  commercial  augar  is  and 
should  be  formed;  but  it  may  exist  without  being  deprived  of  the 
faculty. of  crystallizing  afterwards  in  its  turn.  Let  pure  sugar  be 
dissolved  in  water,  and  the  solution  be  concentrated  to  the  extent 
suitable  to  avoid  its  alteration,  one-half  of  the  sugar  only  wiJi . 
crystallize;  but  the  motber  liquor,  the  syrup,  which  becomes  a  sat- 
urated solution  at  the  ordinary  temperature,  may,  by  a  new  evapo- 
Tfttion,  rapid  or  slow,  furnish  new  crjstah;  so  that  by  successive 
dfainings  and  evaporations  all  the  sugar  employed  may  be  recov- 
ered in  the  solid, state. 

If  this  same  sugar,  when  in  the  state  of  syrup,  be  treated  with  a 
mixture  of  alcohol  and  et))er,  which  causes  its  rapid  precipitation, 
the  thick  liquid  thus  obtained  will  settle  in  a  short  time;  and  the 
sugar  separated  in  this  manner,  though  pure,  will  be  destitute  of 
transparence  and  of  the  particular  aspect  which  characterizes  com- 
mercial sugar. 

•  To  recur  to  the  question  which  M.  Ouignod  addressed  to  me  in 
one  of  his  articles  relating  to  my  first  work.  ^'JButhas  M.  P61i- 
got  really  obtained  20  per  cent  of  commercial  sugar  1"  I  will  re- 
ply!  no,  I  did  not  obtain  20  per  cent,  of  commercial  sugar;  this 
follows  from  the  very  description  I  have  given  of  that  sugar.  But 
it  would  have  been  commercial  if,  instead  of  operating  in  a  small 
ifay,  upon  a  few  hundred  grammes  of  cane  juice,  by  means  of  al« 
oohol  and  rapid  evaporation,  I  could  have  worked  upon  a  larger 
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seale;  f^r  ibis  sugar,  I  repeal^  was  free  from  uQcrystallizable  sugar 
and  from  molasses. 

However,  what  was  not  possible  for  me  to  do  was  executed  by 
M.  Plagne;  by  operating  upon  4  kilogrammes  of  cane  juice,  he  ob« 
tained  by  concentration  and  successive  crystallizations,  832  gram- 
mes of  crystallized  sugar,  of  a  yellowish  white  color,  drier  than 
the  ordinary  cassonades  of  Martinique;  this  20.8  of  sugar  bore  the 
ciiaracteristics  of  commercial  sugar. 

Finally,  M,  Ouignod  expresses  himself  as  follows:  '^  M.  P^ligot 
should  have  obtained  what  I  have  often  had  in  my  small  operations, 
n^j  form  being  a  funnel,  a  sort  of  concretion;  I  say  a  sort  of,  be- 
cause the  true  concretion  seems  to  indicate  the  absence  of  mo- 
lasses by  a  very  high  concentration  which  caramelizes  and  attenu- 
ates the  crystallization,  which  would  have  been  obtained  by  a  mod- 
erate concentration.  There  is  also  attenuation  of  crystallization, 
with  this  difference,  that  there  is  no  caramelization,  and  that  the 
shade  of  color  remains  beautiful.  The  shade  of  mine  was  beauti- 
ful also;  neither  had  'I  anv  molasses,  or  raider  there  was  no  ap- 
pearance of  any;  but  did  I  estimate  Us  quantity?  Did  I  suppose 
that  I  had  crystallized  all  the  matter  remaining  after  the  evapora- 
tion of  the  water,  and  the  removal  of  the  extraneous  matters  by 
our  method  of  purification?  Did  I  suppose  I  had  obtained  com- 
mercial sugar?  Certainly  not;  I  obtained  the  ordinary  results  to 
be  anticipated  in  crystallization  in  small  vases — what  takes  place  in 
the  vats  in  the  manufacture  on  a  large  scale,  when  too  small  a  layer  . 
of  coiiceBtrated  syrup,  a  quarter  of  .an  inch  for  instance,  in  place 
of  an  inch  and  a  half  is  used;  I  obtained  an  excessively  attenuated 
crystallization,  occurring  in  such  a  state  of  division  that  the  molasses 
itself,  divided  in  an  immense vnumber  of  interstices,  could  neither 
separate  nor  flow  off.  In  fact,  it  was  supposed  that  the  infinitely 
small  rudiments  of  crystals,  being  seized  by  a  too  sudden  cooling 
of  the  mass,  in  the  midst  of  very  thick  molasses,  could  not  ap- 
proach so  as  to  form  larger  crystals  by  superposition.  Sugar  of  this 
kind  becomes  as  hard  as  marble.  Is  this  taken  for  commercial 
sugar?    Is  this  the  20  per  cent,  of  sugar?" 

We  see  in  this  passage,  some  parts  of  which  in  truth  are  quite 
unintelligible  to  me,  that  M*.  Guignod  obtained  20  per  cent,  of  in* 
ferior  sugar;  now  I  think  that  I  established  or  rather  asserted  the 
fact,  that  its  commercial  appearance  depends  solely  upon  the  me- 
dium in  which  the  sugar  crystallizes,  so  that  in  causing  the  sugar 
to  crystalline  in  molasses,  for  instance,  which  yields  no  crystals, 
we  would  obtain  in  a  merchantable  condition  the  20  per  cent,  of 
sugar  which  the  juice  really  contains.  I  may  add,  that  frequently 
the  molasses  necessary  for  the  crystallization  of  sugar  can  likewise 
be  crystallized;  such  are  the  Aripfingslsirop  d^Sgout)  which  is  the 
result  of  a  well  conducted  operation,  it  is  difficult  to  compreheiid  . 
why  the  colonists  do  not  profit  by  the  sugar  which  they  could 
easily  produce  by  a  new  concentration  of  the  syrup,  provided  the 
operation  was  immediate;  for  in  preserving  it  for  a  long  time,  as  is 
aM>st  frequently  the   case,  it  becomes  decidedly  uncrystallizablt| 
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an^  it  is  thought  that  then  it  is  m^re  adyantageons  to  conTert  it 
into  rum  or  use  it  as  food  for  cattle. 

It  is  certainly  to  this  carelessness  that  we  must  attribute  the 
large  proportion  of  molasses  which  they  get,  since  their  juice 
yields  no  more  than  12  per  cent,  of  commercial  sugar.  It  seems 
that  in  adding  to  new  concentrations  recent  drippings,  so  as  not  to 
preserve  any  molasses,  the  yield  in  sugar  would  he  much  increased^ 
and  consequently  the  revenue  also,  sinse  the  crystalKzed  sugar  has 
,  always  a  value  at  l^ast  five  tihies  greater  than  that  of  molasses. 
This  practice  succeeds  even  for  beet  juice,  where  the  uncrystalliza- 
ble  substances  exist  in  a  much  greater  proportion.  However,  it  is ' 
not  possible  in  all  cases,  unless  the  molasses  be  the  result  of  opera- 
tions in  which  the  accidental  causes  of  the  destruction  of  sugar 
previously  discussed  have  been  carefully  avoided. 

After  this  long  but  necessary  discussion,  I  return  to  the  labors  of 
M.  Dupuy. 

In  the  course  of  the  second  part  of  his  memoir,  he  rep^orts  aotae 
^experiments,  made  on^L  small  scale,  for  the  extraction  of  sugar 
from  dried  canes.  These  experiments  were  satisfactory,  ^vriten  he 
operated  upon  canes  recently  dried;  the  yield  in  sugar  amounts  to^ 
60  per  cent.;  but  dried  canes,  exposed  for  three  months  to  the  or- 
dinary influence  of  the  atmosphere,  gave  only  34  per  cent,  of  an 
oily,  discolored  sugar,  having  none  of  the  qualities  of  commercial 
sugar.  In  analyzing  the  third  part  of  the  memoir  of  M.  Dupuy,  I 
will  recur  to  the  important  question  of  using  dried  cane. 

M.  Dupuy  then  discusses  the  processes  employed  in  practical  ope^ 
rations  upon  dried  cane;  he  sets  fortl^  the  advantages  and  incoBTe- 
niences  of  this  method  of  manufacturing  sugar. 

Finally,  he  describes  the  actual  condition  of  the  manufacture  in 
the  colonies;  he  exhibits  .its  imperfections,  and  indicates  the  differ-* 
eat  means  which  seem  to  him  to  be  the  most  expedient  for  immedi*^ 
ately  diminishing,  with  little  expense,  the  enormous  loss  of  sugar 
incurred  by  a  method  so  much  at  variance  with  the  constant  pro- 
gress of  all  other  branches  of  industry. 

The  latter  portion  of  M.  Dupuj's  work  is  well  treated;  the  ad- 
vice he  gives  to  the  colonists  is  wise  and  reasonable;  followed  by 
sererat  manufacturers,  whose  names  he  gives,  it  has  borne  good 
frait. 

It  wduld  be  impossible,  however,  to  analyze  this  discussien,  in- 
teresting as  it  is,  without  enterin?  into  details,  which  the  limits  of 
this  memoir,  already  too  long,  will  not  permit.  To  give  publicity^ 
to  the  researches  of  M.  Dupuy  would  doubtless  be  profitable  to  the 
progress  of  the  colonial  industry. 

I  pass  then  to  the  third  part  of  the  report  of  M.  Dupuy,  v^hich 
was  addressed  to  me  five  months  ago,  through  the  medium  of  the 
minister  of  agriculture  and  commerce. 

Thiri  part  of  the  memoir  of  M.  Dupuy^  dated  10th  Septembeff 

1841. 

Ml  Dupuy  repeats  what  he  previously  demonstrated,  that  the 
mills  cause  an  average  loss  of  twelve  to  fifteen  per  cent,  of  cane 
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i'aice;  he  mentions  that  this  fact  is  now  more  generally  admitted 
J  sQgar  planter^}  in  consequence  of  the  proofs  he  made  in  1840 
upon  the  rolling  of  canes,  the  exactness  of  which  proofs  he  has 
again  verified  upon  the  last  crop.  A  few  colonists,  he  adds,  have 
recently  adopted  good  and  solid  iron  mills  with  horizontal  rollers, 
the  action 'of  which  being  more  regular  and  more  powerful,  glve» 
seventy  to  seventy-two  per  cent.,  in  place  of  fifty-five  to  sixty  per 
cent,  obtained  by  the  old  mills. 

He  reverts  to  the  process  of  desiccation  and  the  exportation  of 

dried  cane  to  France.    This  process  was  recently  commenced  by  a 

'  company  in  the  metropolis,  in  an  establishment  built  expressly  for 

the  purpose,  upon  a^l^ot  of  M.  de  Jabrun,  upon  the  bay  of  Mahault. 

He  first  gives  the  experiments  which  he  made  upon  dried  cane,  in 
order  to  discover  their  richness  in  sugar  at  different  periods  af  the 
year. 

The  cands  were  cut,  obliquely  to  their  length,  in  short  sections 
of  two  or  three  millimetres,  then  dried  by  fire,  for  twelve  or  fifteen 
houris,  at  60  or  8ff*  centigrade;  some  were  dried  by  two  or  three 
exposures  to  the  sun,  at  the  temperature  of  45^  centigrade. 

These  canes  were  macerated  in  cold  water  for  several  hours.  M. 
Dupuy  determined  that  one  hundred  parts  of  canes,  reduced  to 
thirty  parts  by  drying,  when  macerated  three  hours  in  five  hundred 

fiarts  of  water,  at  the  mean  temperature  of  26*  centigrade,  give  a 
iquid  indicating  from  102.5  to  103.5  degrees  of  Collardeau's  den- 
simeter; by  making  several  successive  macerations,  and  evapora- 
ting the  combined  liquors,  he  obtained  a  quantity  of  commercial 
sugar  equal  to  from  twenty*four  to  thirty  per  cent,  of  the  weight 
of  the  canes. 

This  sugar  was  obtained  without  the  usual  defecation  by  lime; 
and  the  liquors  were  neutral  to  test  paper.  ^ 

M.  Dupuy  remarks  that  by  this  method,  according  to  his  experi- 
ments, nine  kilogrammes  of  sugar  can  be 'produced  from  one  hun- 
dred kilogrammes  of  fresh  cane9,  instead  of  seven  kilogramdies^ 
which  the  best  arranged  establishments  now  obtain.  It  is  evident 
that  this  increase  in  product  is  still  not  so  considerable  as  it  should 
hue,  since  the  canes  have  lost  seventy  per  cent,  of  their  weight  of 
water,  containing  about  two  parts  of  sugar  for  one  of*  woody  mat- 
ter. Th^  use  of  methodical  steepings,  until  complete  extraction^ 
would  doubtless  have  furnished  M.  Dupuy  a  more  considerable 
yield,  by  a  process  quite  ts  practicable. 

M.  Dupuy  then  describes  the  building  constructed  in  Ouadaloupe 
for  the  purpose  of  cutting  ahd  drying  the  fresh  canes,  and  for  press- 
ing them  when  dried;  it  is  in  this  building,  wLich^s  of  vast  dimen-  ^ 
sionS  and  furnished  with  well  contrived  arrangements,  that  the 
company,  for  desiccation  proposed  to  prepare  and  send  to  France^ 
in  July,  1841,  fifty  thousand  kilogrammes  of  dried  cane,  for  a  large 
experiment  in  a  sugar  refinery  in  the  environs  of  Paris.  Unfortu- 
nately, the  bad  construction  of  the  part  of  the  apparatus  intended 
for. drying «the  cane  prevented  it  from  performing  its  duty  in  g4>od 
time,  so  that  it  was  necessary  to  defer  this  proof  until  another  sea- 
son, after  having  proved  by  the   desiccation   of  some  thousands 
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weight  »of  canes  that,  with  the  exception  of  the  bad  mecbaaisia  of 
the  part  of  the  apparatus  referred  to,  the  rest  of  it  gave  good 
results. 

The  important  question  of  using  dried  canes  is  then  still  pend- 
ing; for  the  postponement  of  this  operation  cannot  be  justly  consi- 
dered an  unsuccessful  result.  While  earnestly  desiring 'that  this 
operation  may.  succeed — that  it  may  give  to  commerce  an  increase 
of  freight — to  the  colonists  a  greater  yield,  and,  consequently,  a 
greater  income,  and  to  the  metropolis  a  more  saleable  sugar — ^J 
cannot  forbear  from  making  some  ooservations  upon  the  chances  of 
success  which  it  seems  to  me  to  have,. or,  rather,  which  it  is  now 
supposed  to  have.  .   « 

I  may  remark  that,  in  indicating  the  different  means  which  it 
se^ms  expedient  to  use  for  obtaining  a  more  considerable  yield  in 
juice  and  sugar,  I  have  scarcely  mentioned  this  process  of  desicca- 
tion, which  is,  nevertheless,  the  one  most  praised  of  late,  and  which 
was  the  first  to  cause  experiments  to  be  made  on  a  large  scale. 

.The  motives  for  this  reserve  have' already  been  given  in  the  me- 
moir which  I  published  in  1840  upon  the  sugar  cane  of  Martinique. 
In  speaking  of  the  evident  alteration  which  the  dried  canes  re- 
ceived from  that  colony  had  undergone,  I  thus  expressed  myself : 

^^  These  different  circumstances  render  illusory,  in  my  opinion, 
the  desiccation  of  the  cane  as  a  basis  for  a  new  method  of  extract- 
ing suga^r.  I  will  not  discuss  here  all  the  reasons  which  render 
the  process  of  desiccation  advantageous  in  certain  cases  for  the 
beet,  but  on  the  contrary  useless,  and  perhaps  injurious  for  the 
sugar  cane;  but  it  has  been  proposed  latterly  to  bring  dried  canes 
from  ithe  colonies,  in  order  to  extract  the  sugar  in  France,  I 
have  indicated  summarily  the  principal  causes  which  prevent,  in 
my  opinion,  the  economical  treatment  of  this  future  colonial 
export."  ' 

in  spite  of  this  opinion, *put  forth  in  that  first  work  and  since  re- 

feated,  it  has  been  attempted  to  connect  my  name;  with  that  of  M. 
elletan,  in  the  invention  of  the  procesa  of  desiccation  of  canes. 
That  M.  Pelletan  may  have  adopted  my  analysis  in  establishing  his 
process  is  very  possible;  but  that  I  have  participated  in  the  propa- 

f Ration  of  this  process  is  untrue,  since,  on  the  contrary,  I  spoke  be* 
orehand  in  a  manner   perhaps  too  positive  of  the  inconveniences 
which  I  thought  it  presented. 

These  inconveniences  are  of  many  kinds;  some  are  discussed  in 
the  JlnnuUs  de  la  SocieU  cP Agriculture  ie  la  J\tartiniqu€j  by  M. 
Onignod,  with  whom,  for  this  time  only,  I  nearly  agree.  M.  Guig- 
nod  established  by^figures  that  this  operation  is  not  economical. 
This  conclusion  is  probable;  yet  the  reasons  which  M.  Guignod 
presents  are  such  as  to  render  it  a  debateable  question. 
This  gentleman  supposes  that  dried  canes  contain-*- 

Begassa .••  50 

Sugar 33 

Molasses v* ^'^ 
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He  admits  that  this  molasses  is  in  a  dry  condition,  and  he  boldly 
xsalaulates  the  quantity  from  the  old  tables,  essentially  false  and 
erroneous,  of  Dutr6ne  Lacouture. 

It  is  known  that  many  enlightened  colonists,  among  whom  in  the 
first  rank  is  M.  de  Jabrun,  concur  in  the  opinion  I  hare  just  given 
upon  the  impossibility  of  founding,  upon  desiccation,  a  process  of 
working  advantageous  for  their  country.  Without  discussins  here 
the  arguments  presented  in  favor  of  this  method,  I  will  only  say 
that  there  has  not  been  sufficient  importance  attached  to  the  point 
which  I  think  governs  the  whole  question:  the  preservation  of  the 
sugar  in  an  unaltered  state  in  dried  .cane% 

Thi§.  preservation  appears  to  me  to  be  very  doubtful  in  a  practi- 
cal point  of  view. 

Doubtless  dried  cane,  kept  in  a  dry  place,  may  furnish  almost 
the  entire  extraction  of  the  sugar  in  a  crystalline  state;  and  doubt- 
leas  the  17  per  cent,  of  pre-existing  molasses  is  at  this  day,  for 
everybody  but  M.  Guignod,  an  absurdity  which  it  is  useless  to 
notice  further;  but  can  the  complete  desiccation,  easy  to  execute 
in  a  small  way,  be  realized  when  the  operation  is  conducted  upon 
a  very  large  scale?  Admitting  that  it  can  be  obtained,  is  it  possi- 
ble that  the  bundles  of  dried  cane,  packed  even  by  the  hydraulic 
press,  can  be  entirely  preserved,  during  a  long  voyage,  from  at- 
mospheric humidity,  and  from  accidental  contact  with  rain  or  salt 
water]  Now,  it  is  notorious  that  humidity,  whatever  may  be  its 
origin,  from  which  it  will  be  so  difficult  to  preserve  entirely  a 
subslance  so  porous,  so  bulky,  and  of  so  little  value  as  dried  sugar 
cane,  is  a  permanent  cause  of  destruction,  the  progress  of  which  is 
rapid  and  disastrous.  Under  the  influence  of  water,  organic  sub- 
stances mould  and  become  acid;  under  the  influence  of  acid,  sugar 
disappears. 

Experience  unfortunately  has  already  demonstrated  how  much 
this  cause  of  destruction  is  to  be  feared;  for  the  samples  of  dried 
cane,  which  I  received  at  difi'erent  times  from  the  colonies,  (ex* 
cepting  those  placed  in  well  secured  bottles,)  all  exhibited  a  very 
decided  acidity,and9  consequently,  an  almost  total  absenc^ie  of  cry's- 
tallizable  sugar. 

It  is  to  this  preservation  of  the^  dried  cane,  during  the  voyage, 
that  I  would  have  directed  attention  had  my  opinion  been  heard 
before  this  new  process  of  extracting  sugar  had  been  undertaken. 
This  problem  governs  all  others  by  its  importance.  I  think  it 
caonot  be  solved. 

Moreover,  it  is  much  to  be  regretted  that,  among  the  various 
ways  which  may  be  taken  to  extract  a  greater  quantity  of  sugar 
from  the  cane  than  that  now  obtained,  the  most  uncertain  and  the 
longest  has  been  selected.  I  am  convinced  that,  apart  from  the 
principal  difficulty  which  I  have  just  mentioned,  the  separation  of 
the  sugar  from  the  beicassa,  at  the  place  where  the  cane  grows, 
will  always  be  preferable,  in  point  of  economy,  to  the  long  trans- 
portation of  these  two  products  unseparated. 

In  my  opinion,  also,  if  the  drying  of  the  cane  offers  any  advan- 
tages, it  is  only  on  condition  that  the  extraction  of  its  sugar  takes 
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place  upon  the'spot.  The  experiments  of  M.  Dupuy  are  important^ 
as  proving  that,  by  means  of  maceration^  evidently  instifficient, 
one-third  more  sugar  can  be  extracted  from  dried  canes,  without 
even  employing  lime,  than  from  fresh  canes  treated  in  the  ordinary 
manner.  Whateyer  else  may  be  said  of  it,  the  necessity  of  going 
to  a  distance  to  make  these  macerations  does  not  exist.  To  seek 
good  processes  of  extraction  in  France,  and  then  to  report  them  to 
the  colonies,  would  always  be  more  reasonable  than  to  send  the 
products  themselves  to  be  submitted  to  those  processes.  It  has 
been  supposed  -that  the  begassa  would  have  here  a  value  which 
would  in  part  cover  its  exf  ense.  It  would  be  employed,  it  is  said, 
in  the  manufacture  of  paper.  The  experiments,  made  with  such  a 
design,  prove  that  it  is  fit  for  that  use., 

It  must  be  observed,  however,  that  the  begassa  must  be  replaced 
by  a  fuel  certainly  of  ^eater  value  than  that  which  it  represents 
in  the  colonies:  it  would  not  serve  for  the  manufacture  of  paper, 
unless  its  value  in  France  were  almost  nothing.  The  successful 
experiments  which  have  been  made  with  it  prove  nothing  in  favor 
of  its  use.  With  what  substances  (alas!)  is  not  paper  now  made? 
A  fact  which  does  not  prevent  rags  from  being  rare  and  costly,  be- 
cause good  paper  can  be  made  of  them  only.  Begassa  is  much  in- 
ferior to  cotton  in  this  industry,  though  a  little  better  than  straw 
and  other  naturally  fibrous  substances:  it  c^n  be  considered  only 
as  a  valueless  residue. 

Here  ends,  Mr.  Secretary,  the  task  which  you  did  me  the  honor 
to  entrust  to  my  charge.  I  have  soyght,  by  the  attentive  dieeus- 
sion  of  the  documents  which  we  at  this  time  possess,  both  upon  the 
manufacture  of  sugar  and  the  composition  of  the  cane,  to  establish 
dtfitinetly  the  present  and  future  portion  of  this  great  colonial  in- 
dustry. The  facts  which  I  have  set  forth,  and  the  opinions  which 
I  have  given,  will  doubtless  find  contradictors;  each  one,  according  to 
his  interest,  will  give  them  a  different  interpretation,  as  has  hap* 
pened  to  my  preceding  memoirs  upon  the  beet  and  the  ease;  some 
will  see  in  this  work  the  finger  of  an  advocate  for  the  colonies; 
others,  on  the  contrary,  will  find  arguments  in  favor  of  beet  sugar. 
As  for  myself,  I  will  give  no  opinion  upon  the  influence  which  these 
results  may  have  upon  the  questi<fki  of  domestic  and  colonial  -sugars, 
a  point  so  much  contested.  Without  prejudice  of  locality  or  po- 
sition, I  have  had  in  accomplishing  my  task  but  a  single  end,  that 
of  seeking  the  truth. 

Permit  me,  sir,  in  the  name  of  progress,  which  each  of  us  seeks 
to  favor,  to  call  your  attention  to  a  point  in  legislation  which  op- 
posesj  in  my  opinion,  all  the  actual  amieliorattons  virliich  your  en- 
lightened solicitude  endeavors  to  introduce  into  the  manufacture  of 
sugar  in  the  colonies;  permit  nie  to  codnment  frankly  upon  the  ex- 
cess of  duty  which  is  levied  upon  white  and  clayed  sugar. 

I  am,  of  course,  ignorant  of  the  reasons  which  influenced  the 
administration  in  establishing  the  difference  in  the  following  duties 
which  the  sugars  from  our  colonies,  from  America,  for  example, 
pay  upon  their  entrance  into  Ftance. 
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Brown  sugar  •«.•••••! F.  46  dO  per  100  kilogrammes. 

Inferior  wUte  sugar 52  50        <^  << 

Clayed  sugar,  of  all  shades ••«.      66  50        <<    i         ^< 

It  is  probable  that  these  differences  (which,  not  being  in  propor- 
tion to  the  value  *of  the  sugars  in  the  market,  are  almost  equivalent 
to  a  prohibition  upon  the  last  two  qualities)  were  established  with 
the  design  of  favoring  both  the  shipping  interest,  by  causing  a  more 
considerable  weight  of  merchandise  in  the  shape  of  brown  sugar, 
Aud  the  metropolis,  by  giving  to  it  exclusively  the  refining  of  this 
sugar. 

)f  But  it  seems  certain  that  this  measure  was  taken  under  the  influ- 
ence of  old  and  erroneous  convictions,  which  attributed  to  the  co- 
lonial manufacture  conditions  of  existence  and  stability  different 
from  those  which  it  presents  at  this  day. 

If,  however,  colorless  sugar  cannot  be  produced  from  the  cane, 
as  was  supposed  a  few  years  ago;  if  the  molasses,  which  impreg- 
nates and  colors  this  sugar,  cannot  be  removed;  if  the  production 
of  colonial  brown  sugar  must  remain  stationary  as  td  quantity;  if 
the  quality  cannot  be  improved,  the  excess  of  duty  upon  white  su- 
gar may,  to  a  certain  extent,  be  comprehended  and  justified. 

But  if,  on  the  contrary,  this  coloration  is  the  consequence  of  a 
bad  mode  of  working;  if  it  be  demonstrated  that  th-e  sugar  which 
pre-exists  in  the  cane  is  white;  that  it  is  obtained  white,  when  a 

f»art  is  not  destroyed;  that  the  proportion  extracted  is,  consequent- 
y,  as  much  greater  as  it  is  less  colored;  what  must  be  thought  of 
a  legislative  measure  which  imposes  upon  that  industry  the  exor* 
bitant  obligation  of  making  small  and  bad  products,  and  which 
places  a  barrier  before  one  of  the  things  which  the  laws  should 
Itost  respect — ^improvement? 

^  It  is  demonstrated  that,  since  this  increase  of  the  duty  has  been 
levied  upon  white  and  clayed  sugars,  the  colonial  manufacture,  in- 
'stead  of  following  the  natural  tendency  to  improvement,  has  pur- 
sued a  retrograde  march;  it  is  probable  that  this  lamentable  result 
is  mainly  oM^ing  to  thst  excess  of  duty,  although  the  colonists  them- 
selves' do  not  render  a  very  exact  account  of  the  wrong  which  this 
legislation  has  done  them. 

I  find  an  argument  in  favor  of  this  opinion  in  the  concluding 
words  of  a  note  which  I  received  from  an  experienced  colonist, 
M.  Jolliment  de  Marolles,  and  which  relates  to  his  practical  obser* 
vatioss  upon  the  nature  of  cane  juice. 

<*  There  can  be  no  doubt  that  better  results  might  be  obtained  if 
some  of  the  new  processes  were  adopted.  Sixty  years  ago  there 
*was  made,  on  several  plantations,  as  beautiful  sugar  as  it  is  possi- 
ble to  make,  with  the  same  apparatus  as  that  now  in  use.  These 
same  plantations  now  produce  sugar  of  a  very  ordinary  quality, 
Hiften,  indeed,  of  a  bad  quality.'  The  refiners  who  made  that  beau- 
ful  sugar  are  dead.'' 

It  is  certain  that,  in  consequence  of  the  measures  adopted  in  le- 
gislation, the  colonists- are  at  this  time  under  the  sad  necessity  of 
making  sugac  of  an  inferior  quafity;  for,  if  their  sugar  were  beau- 
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tifal,  it  would  be  taxed  witb  a  duty  wfatcL  is  -prohibitory.  fTow^ 
since  we  know  that  the  quality  reacts  upon  the  quantity,  the  le9» 
beautiful  the  sugar  is  the  less  is  the  amount  obtained. 

Is  refining,  if  it. should  still  be  prohibited  to  the  colonists, ^ ne- 
cessary to  the  consumption  of  sugar?  Cannot  irotM  sngar  be  ob- 
tained sufficiently  beautiful  and  good,  that  the  consumer  may  be 
induced  to  buy  it  from  the  colonists  without  its  passing  throagh 
the  refiner's  pans? 

Everybody  knows,  at  this  day,  that  refining  is  not  indispensable 
to  the  production  of  white  sugar.  It  is  notorious,  that  at  Bottrbcm 
M;  Vincent  has  made  brown  sugar  of  a  quality  equal  to  the  most 
beautiful  refined  sugar.  To  accomplish  this  remarkable  resolt  be 
has  only  borrowed  from  the  manufacture  of  beet  sugar  its  best  me- 
thods of  operation. 

It  is  also  known  that  the  difficult  problem  of  the  direct  transform- 
ation of  crude  beet  sugar  into  refined  sugar,  without  altering  its 
.  form,  a  problem  which  was  proposed  a  few  years  ago  by  the  SoeiiU 
dUncouragementy  is  now  realized.  M.  Boucher,  a  manufacturer  of 
Pantin,  near  Paris,  who  obtained  the  prize,  has  sold,  and  contiBues 
to  sell,  a  very  large  quantity  of  beet  sugar  purified  in  the  very  form 
'  which  the  evaporated  juice  has  received,  and  purified  in  such  a 
manner  that  it  leaves  this  form  with  all  the  qualities  of  refined 
suear. 

The  most  remarkable  thing  about  the  method  of  M.  Boucher  is 
that  there  is  nothing  very  peculiar  in  the  process:  it  consists  alto- 
gether in  paying  particular  atteation  to  every  part  of  thet>peratioB; 
the  concentrations  being  less  colored  than  customary,  much  less 
molasses  is  obtained^  the  brown  sugar  resulting  from  these  coneen- 
trations  is  immediately  clayed,  liquored,  and  stored^ 

M,  Boucher  says,  moreover,  that  the  beet  yields  him,  by  his  pro- 
cess, eight-  tenths  of  the  whole  amount  of  sugar  it  contains. 

It  cannot  be  doubted  that  this  improvement  in  the  operations 
could  be  much  more  easily  icealized  upon  the  cane  than  upon  tbe 
beet;  it  would  have  the  immediate  consequence  of  producing  a 
greater  quantity  of  sugar,  and  of  increasing  the  consumption — ^the 
sost  of  the  white  sugar  being  reduced  by  the  almost  total  suppres- 
sion, of  the  expense  of  refining,  and  the  profits  of  all  the  agents 
who  are  interposed  between  the  producer  and  consumer. 

But,  in  x)rder  to  arrive  at  a  result  so  desirable,  it  is  neeessaty 
that  the  excess  of  duty  levied  upon  white  sugars  be  removed — it  is 
necessary  to  leave  to  the  manufacturer  the  right  of  improTtng. 
The  shipping  interest,  so  far  from  losing  by  this  chaiigey  would,  on 
the  contrary,  gain  by  it,  probably  very  considerably,-  for  it  would 
soon  transport  more  white  sugar  than  it  now  receives  of  brown  su- 
gar; the  refiners  alone  woutd  find  themselves  aggrieyed. 

It  would  be  well  to  examine  whether  the  general  interest  does 
not  demand  that  white  sugar  should  receive  an  advantage  over 
brown,  in  order  to  stimulate  reasonable  improvements  in  the  colo* 
nial  manufacture.  However  this  may  be,  we  must  not  lose  siglit 
of  the  following  statistical  numUbrs  which  express  the  oondition> 
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present  and  future^  mbre  or  less  distant,  of  tlie  industry  of  our  co- 
lonies. 

Bourbon,  Guadaloupe,  Martinique,  and  Cayenne,  furnish  at  this 
time  eighty  million  kilogrammes  of  sugar,  which  bring  into  the 
treasury  forty  millions  of  francs. 

This  quantity  of  sugar  is  produced  by  canes  which  contain,  on 
an  average,  eighteen  part^  of  sugar,  and  which  yield  seven  parts 
at  the  farthest.* 

Admitting  that  this  yield  may  be  extended  to  fourteen  parts,f  in 
consequence  of  the  better  application  of  methods  already  in  use, 
our  colonies  would  produce  160  million  kilogrammes  of  sugar, 
and  would  bring  into  the  treasury  80  millions  of  francs.  The  com- 
merce would  be  doubled.  This  hypothesis  supposes  that  the  cul- 
ture of  the  cane  would  not  be  augmented,  and  it  is  known  how 
much  it  is  at  this  time  restrained  and  limited  by  the  Oppression 
under  which  the  planters  have  been  laboring  for  many  years. 

PAmiB,  nth  Jun€f  1842. 


NOTE  D. 


Researches  on  the  chemical  composition  of  the  sugar  cane  of  Mar* 
tiniqucy  by  M.  Pdigot, 

If  the  knowledge  of  the  natural  products,  elaborated  iy  chemi- 
cal art,  was  always  proportional  to  the  industrial  importance  of  the 
manufactured  article,  the  study  of  the  sugar  cane,  a  plant  upon 
which  the  commercial  relations  of  the  old  and  new  worM  chiefly 
rest,  would  long  ago  have  made  known  its  physiological  constitu- 
tion, the  quantity  of  sugar  it  contains,  and  how  much  it  can  be 
made  to  yield. 

In  our  day,^  when  a  new  chemical  industry  begins  to  develope 
itself,  it  commences  by  inquiring  exactly  what  quantity  of  the  Sub- 
stance can  be  extracted  from  the  material  upon  which  it  operates. 
The  successive  improvements  in  the  methods  of  extraction  constantly 
tend  to  approach  as  near  as  possible,  in  practice,  to  the  theoretical 
data  furnished  by  science;  and  those  arts  which  follow  this  course 
soon  attain  a  high  degree  of  perfection. 

The  manufacture  of  cane  sugar  has  proceeded  in  a  different 
manner;  commenced  at  an  epoch  when  science  could  not  yet  guide 
it,  it  has  not  sought  latterly  the  amelioration  which  it  might  expect 
from  a  more  perfect  knowledge  of  the  original  materials  with  which 
it  works.  It  has  thus  remained  stationary  for  a  long  time;  and  if^ 
of  late  years,  it  has  received   any  improvements,  it  owes  them  to 


*Many  well-iorormed  pertoiu  admit  that  the  nnmber  5  repreaeata  the  average  yield  of  the 
eane  of  the  colonies. 

t  This  qaaatitjr  (7  parts  of  9)  is  oertainly  below  what  may  be  obtelned  praotioally.  The 
beet,  which  ocntaiDS  two  per  oent.  of  foreigc  matter,  which  renders  the  extraotion  of  its  sa» 
gar  mooh  more  difficalti  aad  whieh  does  not  exist  in  the  cane,  giveS;  by  manafaetnriag  pro*- 
e,  from  6  to  S  paru  of  sugar  oat  of  10  or  12. 


It  50] 


592 


ike  iateUigent  efforto  of  a  riyal  indastrjr}  inrhich  has  surmounted 
*with  much  perseverance  the  numerous  obstacles  opp^osed  to  its  de- 
Telopment. 

Without  discussing  here  the  causes  which  have  advanced  the  do- 
mestic manufacture  of  beet  sugar  beyond  the  colonial  industry,  we 
must  admit  that  the  most  erroneous  notions  guide  even  now  the 
manufacturer  of  cane  sugar  in  his  operations.  It  is,  doubtles8|  to 
he  regretted  that  we  have  not  considered  the  justice,  and  moreover 
the  policy  of  extending  the  necessary  improvements  to  the  colo- 
nists.' If  the  government  and  the  colonial  councils  had  given  to 
this  old  industry  some  of  the  encouragement,  for  improving  its 
processes  of  extraction,  which  has  never  oeen  wanting  to  the  grow- 
ing manufacture  of  beet  sugar>  the  present  complicated  question  as 
to  the  nature  and  qualities  of  the  two  sugars  would  likely  never 
have  arisen. 

In  order  to  demonstrate,  in  the  clearest  manner,  how  stationary 
and  imperfect  the  theory  of  the  manufacture  of  cane  sugar  has  re- 
mained, permit  me  to  give  here  a  rapid  analysis  of  the  works,  few 
at  best,  which  treat  of  this  subject.  It  will  be  seen  that  the  most 
modern  authors  have  repeated,  without  change,  and  accepted,  with- 
out hesitation,  the  hypothetical  views  and  the  erroneous  opinions 
which  have  been  published  more  than  fifty  years.  As  to  the  prac- 
tical part  of  that  industry,  the  testimony  of  the  colonists,  and, 
above  all,  their  commercial  position,  attest  to  us  the  great  imper- 
fection of  the  methods  they  employ  in  extracting  sugar  from  the 
plant  which,  by  its  natural  richness,  should  assure  them  an  easy 
and  prosperous  support. 

The  oldest  work  written  on  this  industry  is,  I  believe,  the  essay 
on  the  tfrt  of  cultivating  the  cane  and  of  extracting  the  sugar  from 
it,  published  in  1781,  by  De  Cazaux,  a  membec  of  the  Royal  So- 
ciety of  London.  In  this  book  the  author,  having  especially  in 
view  the  propagation  of  a  new  system  of  culture  of  the  cane,  gave 
but  little  attention  to  the  chemical  com|>osition  of  the.  plant;  how- 
ever, he  thus  expresses  himself  in  regard  to  the  juice:  "The  know- 
ledge of  the  parts  which  compose  this  juice,  and  of  the  proportions 
which  they  bear  to  each  other  in  good  canes,  has  served  me  as  a 
rule  to  distinguish  the  bad,  and  to  treat  both  according  to  their 
need;  these  parts  are  sugar  and  molasses,  united  in  all  kinds  of 
juice  to  more  or  less  acid,  known  by  the  name  of  fat,  they  require 
^an  agent  to  effect  their  separation — lime  and  ashes  are  acknowledged 
to  be  the  most  proper  asents  for  this  purpose." 

He  says,  afterwards,  that  hitherto  no  one  has  formed  any  idea  of 
the  more  or  less  intimate  union  of  the  fat  with  the  sugar  and  mo- 
lasses, and  adds:  "The  usual  proportion  between  the  su^ar  and 
molasses  in  the  young  shoots,  at  least  at  the  time  when  I  fix  for 
the  harvest,  appears  to  me  to  be  very  nearly  ^qual  weights;  and  the 
"union  of  the  fat  with  these  parts  in  the  common  soil  appears  to 
^me  such  that  nothing  is  risked  in  trying,  at  the  commencement  qt 
the  season,  pure  lime,  to  the  amount  of  four  to  six  ouaeea  oa  two 
'  hundred  gallons  of  material,  augmenting  or  diminishing,  after  ob- 
serving the  effect  of  that  quantity,  on  the  juice." 
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We  see  that  at  this  epoch  there  was  admitted,  ia  the  juice,  the  > 
pre-existence  of  a  weight  of  molasses  equal  to  that  of  the  sugar  . 
extracted  from  it;  this  error,  which  (except  the  proportions)  still 
exists  among  the  colonists,  has  heen,  without   doubt,  one  of  the 
principal  causes  of  the  imperfect  state  in  which  this  industry  re- 
mains.    If,  instead  of  considering  molasses  a  natural  and  necessary  • 
product,  De  Cazaux  had  observed,  or  had  formed  the  idea  that  its 
quantity  is  variable,   and    changes  with  the  circumstances  of  the 
operations  to  which  the  juice  is  submitted;  and  if  he  had  published 
the  idea  that  molasses  arises  from  the  alteration  which  the  sugar 
has  undergone,  this  capital  fact,  confirmed  elsewhere  by  the*  daily 
experience  of  the.  manufacturer,  would  have  introduced   such  im» 
provements,  that  the  part  which  sugar  plays  as  a  piinciple  of  food 
would  at  this  time  be  of  incalculable  importance,  in  consequence  of 
its  low  price. 

Dutrone  la  Couture,  to  whom  the  manufacturer  of  cane  sugar  is 
indebted  for  important  improvements,  published,  in  1790,  a  treatise 
an  sugar  cane  and  the  art  of  extracting  from  it  the  essential  salt. 
-^^IvL  this  work  he  divides  the  juices  of  the  cane  into  three  kinds:. 
1st.  A  watery  juice  contained  in  the  sap  vessels,  insipid,  without 
odor  and  colorless,  flowing  in  drops  from  the  cut  cane.  2d.  A 
sweet  mucous  juice,  enclosed  in  the  pithy  tissue,  so  thick  as  to 
escape  only  by  the  pressure  produced  by  the  cylinders.  3d.  A 
Juice  contained  in  the  proper  vessels,  (vaisseauz  propresj)  and  par- 
ticularly in  the  rind.  The  latter  has  a  yellow  color,  a  peculiar 
odor,  and  holds  in  solution  a  soapy  extract.  In  addition  to  these 
three  liquids,  the  pressure  brought  on  th^  canes^  in  crushing  their 
tissue,  detaches  some  fibres  which,  according  to  the  author,  consti- 
tute two  kinds  of  feculencies;  the  one,  thick,  coming  from  the 
rind;  the  other^  very  fluid,  from  the  tissue  of  the  pith.  M.  Du- 
trone, in  the  sixth  chapter,  insists  much  lipon  the  properties  of 
these  two  fecuIencies,upon  the  separation  and  the  exact  extraction 
of  which  all  the  operations  of  the  sugar-house  are  based.  He  ex- 
amines the  action  of  heat,  air,  alcohol,  and,  above  all,  of  lime  and 
the  fixed  alkalies  on  these  feculencies,''  &c.  (Extract  from* the 
report,  made,  31st  May,  1788,  to  the  Academy  of  Sciences,  upon 
the  manuscript  work  of  Dutr6ne,  by  Darcet,  F.  de  Boudaroy,  Ber- 
thoUet,  and  Fourcroy.) 

•  Without  delay inf  hete  to  discuss  the  existence  of  the  different 
products  enumerated  by  Dutrone,  I  will  simply  state  the  fact  that, 
in  the  first  of  his  important  memoirs  on  grape  sugar,  Proust  reports 
some  experiments  which  he  made  on  the  susar  cane  of  Malaga,  and 
which;  he  thinks,  confirm  the  opinions  of  Dutr6ne;  but  his  opinion 
on  the'  composition  of  the  cane  suffers  a  little  perhaps  from  the  ne- 
cessity which  was  felt  in  1806  of  finding  a  substitute  for  cane 
sugar,  which  was  then  not  to  be  found  in  our  markets,  in  conse- 
quence of  the  continental  blockade. 

Having  established,  by  examples,  the  existence  of  gum,  ex- 
tractive matter^  and  different  a^ids  in  the  fruits,  this  illustrious 
chemist  expresses  liimself  as  follows: 

^^These  facts,  which  deserve  to  be  extended  in  the  vegetable 
38 
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khigdotn,  contribute  more  thein   ever  to  establish  the  existence  or 
solid  sugar  and  mucous  sugar,  which  appear  to  be  distributed  in  . 
our  fruits  in  extremely  varied  proportions. 

^^Liquid  £ugar,  already  designated  by  the  compound  name  mo- 
coso-sugar,  because  it  was  then  considered  as  solid  sugar  rendered 
pasty  by  mucilage^  has  been  well  understood  only  since  the  time 
of  Deyeux,  who  saw  that  this  sugar  was  a  species  naturally  liquid, 
and  which  must  henceforth  be  placed  on  the  list  of  immediate  pro- 
ducts. 

*'The  work  of  Dutr6ne  also  confirms  so  clearly  the  existence  of 
thi«  product,  by  all  the  facts  he  has  collected  in  his  work,  that  it 
can  no  longer  be  supposed  that  the  work"Df  the  sugar-house  has 
any  other  design  than  the  separation  of  the  liquid  from  the  crys- 
tallizable  sugar.  I  will  add  here  the  results  of  the  analyses  I 
commenced  of  the  sugar  cane  of  Malaga. 

**We  find,  in  the  freshly  expressed  juice,  green  feculencies,'gum, 
extractive  matter,  malic  acid,  sulphate  of  lime,  and  4he  two  kinds 
of  sugar;  all  of  which  products  are  at  least  in  their  varieties  nearly 
the  same  as  those  which  are  met  with  in  the  fruits.'' 

Proust  then  gives  the  means  which  he  employed  to  establish  the 
presence  of  these  different  substances,  and  he  has  so  little  doubt  of 
the  pre*  existence  of  part  of  the  sugar  in  a  liquid  state,  that  he  com- 
pares brown  sugar  to  honey,  and  admits  that  ^Mf  the  cultivation  of 
the  cane  was  possible  in.  Europe,  the  whole  product  of  the  cane 
would  not  be  subjected  to  the  r.efining  process,  for  one  part  would 
be  consumed  as  molasses.'' 

We  are  astonished  to  fii^d  all  these  opinions  of  Cazaux,  Datr6ne, 
and  Proust  admitted  without  dispute  in  the  most  modern  work 
which  treats  of  the  sugar  cane.  It  is  an  English  treatise  on  the 
nature  and  properties  of  cane  sugar,  by  Geo.  Richardson  Porters- 
published  in  London  in  1830,  and  reprinted  in  Philadelphia  in  1831. 
In  his  chapter  on  the  composition  of  the  juice  of  the  cane,  the  author 
translates  without  scruple  the  chapter  of  Dutrone  on  this^subject, 
and  /loes  not  suspect  that,  in  the  space  of  fifty  years,  these  opinions 
could  be  somewhat  modified,  in  consequence  of  the  progress  of  sci- 
ence and  the  chemical  arts. 

It  was  probably  owing  to  this  entire  want  of  precise  notions  on 
the  composition  of  sugar  cane  that  Vauquelin  was  induced  to  im- 
port some  cane  juice  from  Martinique,  in  1822,  for  the  purpose  of 
submitting  it  to  analysis.  Several  attempts  had  already  been  made 
to  send  some  of  it  to  France,  preserved  in  air-tight  bottles,  but  it 
did  not  arrive  in  a  suitable  state  of  preservation  for  furnishing  the 
information  which  was  expected  from  its  examination.  The  use  of 
the  process  for  preserving  vegetable  matter,  due  to  Appert,  gave 
Vauquelin  th^  hope  of  attaining  iT  better  result;  but  bis  attempt 
was  fruitless.  "The  juice  sent  from  Martinique,"  says  Vauquelin, 
^'arrived  in  such  an  altered  condition  that  it  was  no  longer  recog- 
nizable.*     In  some  of  the  bottles  the  sugar  was  transformed  into 
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carbonic  acid,  alcohol,  and  even  into  vinegar;  in  othera,  changed 
to  a  kind  of  semi-transparent  gam,  so  thicK  that  it  flowed  with  dif* 
ficulty  from  the  vessels  containing  it."  Thus  Vauquelin,  obliged 
to  renounce  the  analysis  of  the  juice,  confined  himself  to  the  study 
of  this  peculiar  and  remarkable  gummy  substance,  into  which  the 
sugar  is  transformed  in  consequence  of  this  Kind  of  fermentation. 

About  a  year  ago,  when  I  published  my  analysis  of  beet  sugar, 
M.  Gradis,  an  intelligent  merchant  of  Bordeaux,  proposed  to  send 
for  some  canes  and  juice  from  Martinique,  for  the  purpose  of  an- 
swering, by  their  examination,  some  questions  which  be  submitted 
to  me  respecting  the  manufacture  of  sugar.  He  wished  to  know 
particularly  if  the  method  of  washing  and  drying,  which  had  been, 
proposed  for  the  fabrication  of  beet  sugar,  could  be  applied  to  the 
operations  of  the  colonies.  I  accepted  the  obliging  offer  of  M.  Gradis 
with  the  more  eagerness,  inasmuch  as  I  had  desired,  for  a  long 
time,  to  find  an  opportunity  of  comparing  the  composition  of  the 
cane  and  that  of  the  beet,  and  to  ascertain  whether  all  the  princi- 
ples which  had  been  admitted  to  exist  in  the  juice  of  the  cane  were 
really  there. 

M.  Gradis  received  a«d  sent  me,  some  months  ago,  eight  bottles 
of  cane  juice  and  about  three  kilogrammes  of  canes  which  had  been 
dried  according  t#  my  directions  by  M.  Per^ud,  an  apothecary,  of 
Martinique. 

In  spite  of  the  alterations  which  the  juice,  sent  to  Yauquelin, 
had  undergone,  I  designated  the  process  of  Appert  as  one  which 
would  insure  thc'preservation  of  what  was  sent  me;  indeed,  since 
this  process  has  become  common,  and  is  employed  on  an  immense 
scale,  every  day  showing  its  efficacy  more  and  more,  even'  when  ap- 
plied to  the  most  delicate  articles  of  food,  and  those  most  liable  to 
injury,  it  was  very  probable,  if  not  certain,  that  being  well  execu- 
ted it  would  maintain  entire  and  unaltered  a  liquid  which  contained 
sugar,  already  in.itself  a  preservative  principle. 

Thus,  after  having  passed  through  th**  miU  a  certain  quantit)  of 
fresh  and  beautiful  canes,  on  the  12th  April,  the  season  of  its  full 
maturity,  M..  Peraud  introduced  into  glass  bottles  the  juice  which 
he  extracted  from  them,  ar)d  which  was  the  same  as  the  juice  of 
the  sugar-house;  he  closed  them  carefully  in  the  same  manner  as 
champagne  is  bottled;  they  were  then  placed  in  a  water  bath,  the 
water  of  which  was  by  degrees  brought  to  the  boiling  point* 

This  simple  preparation  succeeded  as  well  as  could  be  desired, 
and  the  juice  which  reached  me  without  having  undergone  any  al- 
teration I  submitted  to  the  inspection  of  several  persons  who  had 
lived  in  the  colonies,  and  they  recognized  in  it  all  the  characteris- 
tics of  the  ordinary  juice. 

It  is  a  liquid  having  the  balsamic  odor  of  raw  cane  sugar,  hold- 
ing in  suspension  a  greyish  matter  in  a  very  divided  state,  which 
appears  to  be,  or  rather  to  have  been,  the  globular  matter  existing 
in  the  expressed  juices  of  almost  ail  sweet  vegetables.  It  is  known 
that  this  matter  is  an  active  ferment,  and  that  it  causes  the  rapid 
alteration  of  those  juices,  after  they  have  been  kept  for  some  time, 
either  with  or  without  the  contact  of  the  air.     It  appears  to  de-* 
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monstrate  that  yiscous  fermentation ^  or  the  formation  of  the  gum- 
my product  of  the  consistence  of  etarch,  which  is  engendered  at 
the  expense  of  the  sugar  in  the  juice  of  the  cane  and  the  beet,  is 
developed  under  the  influence  of  this  same  matter. 

Now  it  is  obviouff  that  the  use  of  Appert's  process  is  particularly 
adapted  for  hindering  the  action  of  this  body;  since  ferments  are 
rendered  inactive  by  the  action  of  heat,  and  since  the  temperature 
of  boiling  water  is  more  than  sufficient  for  destroying  their  organi- 
za'.ion,  or  their  Vitality,  if  according  to  modern  researches  we  con- 
sider them  as  vegetables.  Thus,  the  juice  of  the  cane  which  I  received 
had  remained  unaltered,  not  only  when  it  was  tested,  a  shoit  time 
after  the  opening  of  the  vessel  which  contained  ijt,  but  it  kept  sev- 
eral weeks  withotit  suffering  any  change  whatever. 

Its  density,  taken  with  precision,  is  1,088,  the  density  of  water 
being  1,000.  It  indicates  11*^.8  by  Beaum^'s  hydrometer.  It  red- 
dens litmus  paper  so  slightly  that  its  acidity  may  be  regarded  as 
almost  nothing.  To  obtain  it  perfectly  clear  it  is  filtered  through 
unsized  paper,  and  is  then  of  a  very  pale  yellow  color. 

IJnder  the  persuasion  I  had  in  commencing  the  analysis,  that  it 
contained  at  least  some  of  the  numerous  matters,  in  appreciable 
quantity,  which  had  been  recognized  in  it,  I  attempted  in  the  first 
place  to  separate  the  sugar  from  those  matters  by  tie  method  which 
I  have  employed  for  determining  the  proportion  of  sugar  which  the 
beet  contains.  This  method  consists  in  treating  with  dilute  alcohol 
a  certain  quantity  of  the  mixture  from  which  we  wish  to  separate 
the  sugar;  decanting  the  alcohol  holding  the  sugar  in  solution  in 
preference  to  organic  or  mineral  matters  which  accompany  it;  and 
in  placing  the  liquor  thus  obtained  under  the  receiver  of  ah  air 
pump,  with  a  vessel  containing  quick  lime.  The  latter,  under  the 
influence  of  the  vacuum,  absorbs  only  the  aqueous  vapor,  so  that 
at  the  end  of  several  days  the  dilute  alcohol  is  changed  into  abso- 
lute alcohol,  and  the  sugar,  which  had  been  dissolved  by  means  of 
the  water  combined  with  the  alcohol,  and  which  is  insoluble  in  abso- 
lute alcohol,  is  gradually  precipitated  in  a  crystalline  form,  as  the 
alcohol  approaches  its  maximum  degree  of  concentration. 

But  the  examination  of  the  juice  soon  showed  me  that  processes 
yet  more  simple  than  that  just  mentioned  sufficed  to  establish,  if 
not  its  nature,  at  least  the.  relative  quantity  of  the  substances  of 
which  it  is  composed;  for,  by  evaporating  over  a  fire  a  certain  quan- 
tity of  filtered  juice,  until  it  attains  the  consistency  of  syrup,  we 
obtain  at  the  end  of  several  days  a  solid  and  crystalline  residuum, 
the  nature  of  which  it  is  easy  to  recognize;  this  residuum  is  almost 
pure  sigar.        , 

Thus  the  whole  analysis  of  the  juice  of. the  cane,  at  least  in 
order  to  fix  the  total  weight  of  the  matters  it  holds  in  solution, 
consists  in  evaporating  a  determined  quantity  in  a  porcelain  cap- 
sule, the  weight  of  which  we  have  first  ascertained,  then  to  weigh 
again  this  capsule  when  the  solid  mass  which  is  formed  ceases  to 
diminish  in  weight  by  exposure  in  a  vacuum  or  in  dry  air.  ^ 

This  same  determination  can  be  made  in  a  more  sure  manner,  if 
possible,  and  also  by  avoiding  all  intervention  of  heat.     For  this 
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purpose  we  evaporate  undei  the  receiver  of  an  air  pump  a  certain 
weight  of  juice;  by  means  of  the  vacuum  and  concentrated  sul- 
phuric acid  the  liquid  is  transforjnedj  'after  some  time,  iato  a  thick 
syrup  of  a  very  yellow  color,  which  obstinately  refuses  to  crystal- 
lize or  even  to  solidify;  b|it,  by  diluting  this  syrupy  product  with 
a  small  quantity  of  alcohol,  which  is  also  evaporated  in  vacuo,  we 
obtain  rapidly  a  brittle  Crystalline  mass  which  is  then  weighed 
easily  in  a  state  of  perfect  dryness. 

This  singular  action  of  alcohol,  which  effects  the  solidification 
of  the  substances  which,  without  it,  would  remain  dissolved  in 
water,  appears  to  indicate  the  existence  of  a  very  small  quantity 
of  foreign  matter  in  the  sugar,  which  in  the  juice  is  coagulated  and 
precipitated  by  the  contact  of  the  alcohol.  We  know  how  injurious 
the  presence  of  vegetable  albumen,  gum,  and  the  soluable  salts  is  to 
the  crystallization  of  sugar,  even  when  these  bodies,  which  the 
alcohol  precipitates,  are  found  in  very  small  proportions  relatively 
to  the  sugar.  In  my  opinion  it  is^rong  to  admit  the  existence,  of 
a  liquid  uncrystallizable,  sugar  as  constituting  a  distinct  variety. 
I  think,  and  I  hope  to  demonstrate  iuianother  work,  that  this  pre- 
tended variety  always  results  from  the  mixture  of  cane  sugar  .pr 
5 rape  sugar  with  the  gummy  or  saline  matter,  or  else  with  the  pro- 
ucts  of  alteration  which  these  two  kinds  of  sugar  sud'er  under 
numerous  influences;  the  contact  of  these  matters  with  the  sugar 
prevents  the  total  or  partial  crystallization  of  the  latter  body,  ac- 
cording to  the  proportions  of  the  mixtures. 

Whatever  may  be  the  ojfinion,  however,  that  we  adopt  on  this 
subject,  it  is  evident  that  the  juice  of  the  cane  does  not  contain 
liquid  sugar.  By  repeated  analyses  of  the  water  and  solid  products 
it  contains,  using  the  two  methods  which  I  have  just  described,  I 
found  the  juice  to  contain 

Solid  matter / 21.3 

Water 78.7 

100.0 

The  examination  of  the  solid  produet  which  remains  after  sepa- 
ration from  the  water,  leaves  no  doubt  as  to  .its  nature;  asl  have 
said  above,  it  is  common  raw  sugar  with  all  its  recognized  proper- 
ties. . 

Nevertheless,  the  juice  contains  several  other  foreign  matters, 
of  which  it  is  important  to  determine  the  nature  and  proportion. 
Proust  observed,  and  the  fact  is  necessarily  exact,  that  the  re- 
agents which  disclose  the  existence  of  the  sulphates  and  chlorides, 
cause  precipitates  in  the  clear  juice;  the  oxalate  of  ammonia  shows ^ 
in  it  the  presence  of  lime;  finally  alcohol  and  the  sub-acetate  of  lead 
demonstrate  that  it  holds  in  solution  some  organic  products. 

But  it  was  evident  to  me  that  the  sum  of  these  different  sub- 
stances is  so  small  that  it  is  useless  if  not  impossible  to  determine 
the  weight  of  each  of  them,  especially  by  operating  as  I  have  done 
upon  a  small  quantity  of  juice;  I  am    also   induced    to  think  that 
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the  authors  whp  have  written  upon  cane  sugar  have  greatly  exagge- 
rated the  importance  of  these  matters  and  the  injurious  part  which 
they  play,  according  to  them)  in  the  operations  which  the  juice  of 
the  cane  is  made  to  undergo  for  the  extraction  of  its  sugar.  If 
Proust,  for  example,  in  place  of  devoting  himself  to  the  determi- 
nation of  their  nature  and  their  number,  had  first  sought  to  ascer- 
tain their  weight  or  the  total  weight  which  they  have  relatively  to 
the  sugar,  he  would  have  seen  that  there  is  no  similarity  to  estab- 
lish, as  he  pretended,  between  cane  juice  and  the  juice  of  the  grape 
in  relation  to  the  foreign  matters  contained  in  theste  liquors. 

'There  are,  however,  circumstances  which  may  render  the  know- 
ledge of  the  nature  of  these  mineral  and  vegetable  salts  interesting. 
If,  for  example,  it  was  required  to  enlighten  th^  planter  on  the 
quality  of  his  soil,  on  the  comparative  efficacy  of  his  manures,  &c.y 
this  appreciation  of  the  ^alts,  elaborated  by  the  plant,  would  be- 
come useful  and  highly  esteemed  by  him;  but  I  have  not  the  ne- 
dessary  elements  for  investigating  these  various  questions. 

I  have  determined,  and  in  an  approximate  manner,  on  the  sum  of 
the  mineral  or  fixed  roatteri^  contained  in  the  juice,  by  incinerating 
in  a  platinum  capsule  the  residuum  of  the  evaporation  of  a  certain 
quantity  of  this  liquid.  Now,  170  cubic  centimetres  of  juice,  of 
the  density  108.8,  give  0.320  of  white  silicious  avhes  analogous  to 
those  which  are  obtained  from  the  incineration  of  the  grasses.  In 
a  second  experiment,  ^300  cubic  centimetres  gave^  0.650  of  ashes, 
*    which  gives  1.7  ashes  for  1,000  of  juice.* 

I  sought  to  determine  approximatively  the  proportions  of  the 
vegetable  substances,  besides  the  sugar,  which  exist  in  solution  in 
cane  juice,  by  means  of  sub-acetate  of  lead,  wh'.ck  we  know  precip- 
itates  almost  all  organic  substances  excepting  sugar.  By  mixing 
tbe  juice  with  a  solution  of  sub-acetate  of  lead,  a  greenish  deposite 
of  a  complex  nature  is  found;  600  cubic  centimetres  of  juice  fur- 
nished 3.826  miilegrammes  of  precipitate,  brought  to  a  state  of  per- 
fect dryness.  'Now,  as  this  precipitate  leaves,  by  calcination,  62.1 
per  cent,  of  oxide  of  lead,  we  find,  in  starting  from  these  data,  that 
1,000  parts  of  juice  contain  2.3  parts  of  organic  matter,  susceptible 
of  combining  with  the  oxide  of  lead. 

Then,  by  arranging  the  analytical  results  which  I  have  just  an- 
nounced, we  can  represent  the  composition  of  the  juice  by  the  fol- 
lowing numbers.! 

Sugar ; 209.0 

Water 771.7(f) 

'     Mineral  salts •       17.0(1) 

Organic  products •••••         2.3 

1,000.0 

The  juice  of  the  cane,  then,  is  nothing  but  sweet  water,  almost 

*In  the  extract  from  tbis  memoir,  fonnd  in  the  Comptts  Rendui,  1  per  oent.  is  taken  foe 
1  per  1;000. 
t  These  nnmbers  are  erroneous;  see  note  B»  abere. 
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|»«re,  GompoB€d  of  one  part  sugar,  and  about  four  parts  water.  It 
IS  doubtless  a  result  very  unexpected ,  to  the  colomsts  especially, 
who  have  worked  this  plant  so  long,  with  the  conviction  that  it 
contains,  besides  the  non-cf]§tallizable  sugar,  many  mucous  and 
jrummy  principles,  &c.  The  existence  of  these  different  products 
IS  so  generally  admitted,  that  I  can  present  only  with  doubt  and 
liesitation  the  very  simple  results  which  I  have  obtained.  Let  me 
be  permitted,  however,  to  remark  that,  if  they  are  inexact,  the  er- 
jTors  I  have  committed  arise  from  circumstances  difficult  to  appre- 
ciate. 

Admitting,  then,  the  authenticity  of  the  materials  sent  me  from 
Martinique,  which  is  certified  by  ^he  well  known  properties  they 
present,  as  well  as  by  the  name  of  the  person  who  sent  them,  cane 
sugar  alters  so  easily,  through  numerous  influences,  depriving  it  of 
tbe  property  of  crystallization,  that  if  I  had  obtained,  in  my  exper- 
iments, products  foreign  to  the  sugar,  which  were  liquid  and  un- 
crystallizable,  I  should  assuredly  have  been  slow  to  admit  its  pre- 
existence  in  the  juice  submitted  to  my  examination.  But,  as^the 
.fact  was  otherwise,  and  the  juice,  after  being  preserved  nearly  a 
year,  still  yielded  by  simple  evaporation,  and  without  any  particular 
treatment,  almost  all  tlie  solid  matter  as  crystallizable  sugar,  my  re- 
sults, however  new  and  singular  they  may  appear,  ought  to  Qierit 
.a  little  credit,  at  least  until  an  ulterior,  a^^  doubtless  the  next  veri- 
fication,  annuls  them,  or  ranks  them  with  the  number  of  facts  posi- 
tively acquired  by  science. 

I  do  not,  however,'  pretend  to  conclude,  from  these  analyses,  made 
on  a  single  specimen,  that  the  juice  of  the  cane  generally  contains 
21  per  cent,  of  sugar.  We  know  that  this  plant  presents  several 
distinct  varieties,  and  that  the  juice  often  presents  a  density  less 
than  1P.8  Beaum^.  Its  density,  according  to  putr&ne,  varies  from 
8^  to  14^  by  the  hydrometei'. 

The  facts  and  opinions  just  developed,  which,  in  my  opinion, 

Erove  the  exceedingly  simple  nature  of  the  juice,^  must  naturally 
e  objected  to  when  the  daily  experience  of  the  sugar  factories 
oppose  their  adoption.  The  juice  which  is  there  extracted  is  often 
thick,  mucilaginous,  and  always  yields  uncrystallizable  sugar  or 
4Dolasses.     Whence  come  these  products? 

The  answer  to  this  question  is  easily  made:  they  result  from  the 
alteration  of  the  crystallizable  sugar,  which  alone  pre-exists  origi- 
oially  in  the  cane. 

It  has  been  for  a  long  time  known  that  the  beet,  whose  juice  ap* 
preaches  most  to  that  of  the  cane,  does  not  contain  the  least  quan- 
tity of  uncrystallizable  sugar,  although  a  large  proportion  is  al- 
.  ways  obtained  in  the  operations  to  which  the  juice  of  the  beet  is 
submitted  in  the  home  manufacture.  By  analogy,  we  might  pre- 
sume that  it  ought  to  be  the  same  with^the  juice  of  the  cane,  and 
with  much  more  probability,  as  the  sugar  of  this  plant  is  much 
easier  to  extract  than  the  sugar  of  the  beet. .  My  analyses  tend  to 
confirm  this  view.  ^ 

Molasses  is  also  produced  by  the  alteration  which  the  sugar  un- 
dergoes in  the  operations  to  which  the  eane  and  the  beet  are  sub- 
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mitted.  Though  all  the  improvements  which  have  been  made  in 
the  art  of  manufacturing  sugar  are'  intended  to  avoid  or  diminish 
this  alteration,  the  causes  from  whicl^  it  arises^  it  must  be  granted, 
are  not  yet  well  known  oic  weTl  a^reciated.  In  another  workj  I 
shall  develope  the  opinion  which  i  have  formed  on  this  subject,  in 
consequence  of  my  researches  on  the  chemical  properties  of  sugar. 

Yet,  in  spite  of  the  insuflSciency  of  exact  observations  on  this^ 
point,  which  is  so  important  in  the  making  of  sugar,  ever]^  one 
agrees  to  attribute  to  two  principal  causes  the  formation  of  uncrjB- 
tallizable  sugar,  or  molasses.  These  causes  are,  Ist.  The  ferment- 
ation of  the  juice;  and  2i.  The  .ill-directed  action  of  the  heat  dur- 
ing^.the  evaporation  of  the  water  which  it  contains. 

The  vexatious  rapidity  with  which,  even  in  our  climate,  the  ex- 
pressed juices  of  sweet  vegetables  ferment  is  well  known.  It  is 
also  known,  from  incontestible  experiments,  that  a  sweet  Iiq«id 
becomes  unfitted  to  furnish  the.  sugar  it  contains,  in  the  crystalline 
form,  from  the  fact  that  it  has  commenced  to  ferment.  Finally;  I 
have  made  known  in  a  preceding  memoir  the  intense  and  rapid  de- 
composing action  which  the  alkalies,  and  lime  particularly,  exert 
on  fruit  sugar,  originating  under  the  influence  of  fermentation,  and 
which  IS  then  transformed  into  the  brown  matter  which- colors  mo- 
lasses. 

Now,  the  information  which  we  possess  of  the  colonial  .opera- 
tions, induces  the  belief  that  the  fermentation  of  cane  juice,  ren- 
dered so  easy  by  the  elevated  temperature  of  the  atmosphere,  is^ 
for  the'  manufacturer  an  ordinary  and  almost  daily  phenomenon. 
The  juice,  as  it  appears,  becomes  so  frequently  viscous  and  thick 
that  we  confound  this  accident,  due  to  the  production  of  that  gam- 
my matter  mentioned  by  Tauquelin,  with  the  natural  character  and 
normal  propertieSi^belonging  to  the  juice  in  a  healthy  state. 

Moreover,  the  apparatus  employed  for  receiving  the  expressed 
juice  adds  to  the  circumstances  already  too  favorable  for  fermenta- 
tion. The  boiling  apparatus  generally  adopted  for  the  working  of 
the  cane  is  composed  of  several  pans  heated  by  one  fire;  the  pan 
furthest  from  the  fire  is  that  which  receives  the  juice  as  soon  as  it 
is  talren  from  the  mill,  or  the  first  reservoirs;  it  remains  in  this  pan 
until  it  is  evaporated  to  a  certain  level;  then  it  passes  into  the  se- 
cond, where  it  is  defecated  by  the  lime;  in  the  pan  neafest  the  fire 
the  boiling  is  finished. 

As  well  as  we  can  judge,  at  so  great  a  distance,  the  arrangement 
of  this  apparatus  and  mode  of  operation  seem  very  faulty.  '  For  it 
appears  that  the  juice  is  submitted  too  long  to  a  mean  temperature 
of  30^  to  40**,  and  this  temperature  tends  to  render  still  more  ac- 
tive the  fermentation  which  is  already  developed  too  easily. 

But  it  is  esffecially  owing  to  the  badly  distributed  action  of  the 
heat  upon  the  juice  that  Uiis  system  of  apparatus  is  faulty; /or  the 
heat  to  which  the  juice  is  submitted  is  as  much  stronger  as  the 
juic^  becomes  more  concentrated.  Now,  as  the  sugar  itself  be- 
comes as  much  more  alterable  by  the  fire,  as  it  is  dissolved  in  a 
less  quantity  of  water,  the  conditions  are  fulfilled  in  such  a  man- 
ner as  to  burn   or  caramelize  a   considerable   portion  of  sugars 
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These  bad  arraDgement^,  and  above  all  tfae'  loss  of  the  juice  in 
crashing  the  caneS)  explains  how  it  is  that  the  8u|ar  planter  ob- 
tainsy  at  the  most,  for  100  per  cent,  of  cane,  only  from  8  to  6  per 
cent,  of  brown  sugar  and  2  to  3  of  molasses,  while  the  plant  con- 
tains 18  per  cent,  of  pure  sugar.  « 

Every  one,  then,  must  acknowledge  that  there  are  important  im- 
provements to  be  made  in  this  industry.  Without  pretending  that 
it  is  necessary  to  apply  the  boiling  apparatus,  more  or  less  ingeni- 
ous, which  have  been  invented  in  France,  nor  even  that  it  is  ne- 
cessary to  renounce  the  direct  action  of  the  fire  on  the  evaporating 
pansi  I  believe  that  a  sensible  increase  in  the  yield  of  sogar  would 
be  obtained  if  the  apparatus  in  ude  were  arranged  in  the  inver«e 
order;  by  boiling  the  juice  rapidly  as  soon  as  it  leaves  the  mill: 
the  subsequent  fermentation  would  be'  prevented;  the  fermenting 
principle  beine  once  destroyed,  about  6CP  or  70^,  it  could  be  work- 
ed more  slowly  with  perfect  security.  The  well  preserved  jui4^e 
vsed  in  my  experiments, had  undergone  no  other  preparation. 

The  juice,  then,  should  pass  first  into  the  pan  exposed  to  the 
immediate  action  of  the  heat,  and  placed  over  the  fire;  the  defe- 
cated juice  should  pass  successively  into  the  others  by  following 
the  inverse  order  to  that  now  followed;  the  boiling  should  be  ter- 
minated in  the  pan  furthest  from  the  fire.  Such  is  the  principle  on 
which,  it  appears  to  me,  the  constructioq  of  the  su^ar-house  appa- 
ratus should  rest;  as  to  the  application  of  this  principle,  and  the 
practical  difficulties, which  it  would  present,  they  are  not  to  be 
considered  here. 

I  said  Above  that-M.  Gradis,  besides  the  juice  just  discussed,  had 
sent  me  from  Martinique,  a  few  kilogrammes  of  canes  dried  in  an 
oven  at  60°.  According  to  the  note  sent  by  him  to  me,  M.  Peraud 
obtained  from  24  kilogrammes  of  fresh  canes  7^  kilogrammes  of 
dried  canes.  They  contained,  consequently,  68.7  per  cent,  of  wa- 
ter. But  their  drying  was  not  complete,  for  by  exposing  them  in 
a  stove  at  a  temperature  of  100  degrees  cent.,  they  still  lost  from 
9  to  10  per  cent,  of  water. 

According  to  these  data,  fresh  sugar  cane  consists  of: 

Water 72.0 


100.0 

These  numbers  present  onfy  an  approximation,  since  they  are 
based  on   an  experiment  mad^  in   Martinique  under  circumstances 

-  which  admitted  of  no  great  degree  of  precision;  yet,  the  examina- 
tion of  these  canes  ought  to  furnish  exact  indications  of  the  relative 
proportions  of  the  sugar  and  the  woody  tissue  which  almost  en- 
tirely compose  the  dry  cane.  On  the  other  hand,  having  by  the 
analysis  of  the   juice  the  natural  ratio  existing  ^between  the  water 

-  and  the  sugar  in  the  canes  from  the  same  soil,  I  obtain,  by  com- 
bining these  two  analyses,  the  elements  for  establishing  the  compo- 
sition of  fresh  cane. 
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Dried  canes  are  composed  of: 

Products  soluble  in  water «.• 64.7 

Insoluble  matter  •  • « « •  •  •  • .  • 36 . 3 


100.0 


These  numbers  were^  obtained  by  washing  with  warm  watcnr  the 
-dried  canes  cut  afresh;  we  know  that  the  insoluble  product  is 
/ormed  of  the  woody  structure  of  the  plant;  the  analysis  of  the 
juice  proves  that  the  other  part  consists  almost  entirely  of  sugar. 

The  composition  of  the  fresh  cane,  deduced  from  the  preceding 
analysis  and  that  of  the  juice  which  is  the  natural  solution  of  these 
soluble  products^  is  then  expressed  by  the  following  numbers: 

Water 72.1 

Sugar 18.0 

Woody  fibre .•       9.9 

100.0 


I  suppress  th^  weight  of  the  ^organic  and  mineral  salts  which  is  too 
«mall  to  be  of  any  account  in  an  analysis  of  this  kind. 

I  have  just  admitted  that  the  dry  canes  contain  64.7  of  soluble 
principle  or  sugar.  I  ought  to  offer  some  observations  on  the  man- 
ner in  which  this  result  was  obtained.  By  washing  these  canes 
with  water,  as  I  did,  they  lost  64.7  per  cent,  by  weight;  but  by 
evaporating  the  solution  it  was  impossible  to  obtain  all  the  difs- 
solved  products  in  a  state  of  crystallizable  sugar;  there^always  re- 
mained, on  the  contrary,  a  large  proportion  of  liquid  sugar.  This 
alteration  of  a  part  of  the  sugar  contained  in  the  dried  canes  may 
be  attributed  to  different  causes ;  either  they  had  been  ctit  in  too 
large  pieces,  or  that  the  crowded  tissue  of  the  plant  opposed  the 
disengagement  of  the  water  by  heat  before  the  sugar  had  under- 
i;one  a  partial  decomposition;  or  the  drving  had  been  made  at  an 
unequal  temperature,  too  low  or  too  high;  it  is  certain  that  the  so- 
luble product  which  they  furnish  does  not  crystallize  even  under 
the  same  circumstances  as  the  syrup. 

The  measures  I  have  taken  to  establish  the  composition  of  fresh 
•cane  are  not  the  less  to  be  relied  upon,  since  the  examination  of 
the  juice  shows  that  these  64.7  of  soluable  products  were,  if  they 
are  no  longer  crystallizable  sugar. 

The  washing  of  these  canes,  evMently  altered,  is  hot,  however, 
an  operation  easy  to  execute.  I  think  that  it  cannot  be  done  in  the 
displacement  apparatus  analogous  to  those  which  serve,  or  which 
could  serve  for  the  levigation  of  the  dry  beet;  the  spongy  and  re- 
sisting^ condition  of  the  tissue  renders  this  operation  profitless,  at 
least,  if  the  cane  has  not  first  been  reduced  to  a  fine  powder.  With- 
out this  condition,  it  is  necessary  to  employ  pressure,  in  order  to 
<>btain  the  sweet  liquid  which  it  has  retained  after  a  first  wash- 
uiff  with  water. 

These  different  circumstances,  in  my  opinion,  render  deceitful  the 
drying  of  cane  as  a  new  method  for  extracting  sugar.    I  shall  not 
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discass  here  all  the  reasons  which  render  the  process  p{  drying  ad* 
Tantageous  in  certain  cases  for  the  beet,  useless  pn  the  contrary, 
and  perjiaps  hurtful  to  the  sugar  cane.  But,  as  it  has  been  in  con- 
sideration latterly  to  send  from  the  colonies  dried  canes,  for  the 
purpose  of  extracting  the  sunr  from  them  ia  France,  I  hate 
briefly  advocated  the  principal  causes  which  are  opposed,  in  my 
opinion,  to  the  economical  treatment  o&this  contemplated  colonial 
commodity. 

^  Fresh  sugar  cane^,  according  to  the  preceding  results,  contains 
ninety  per  cent,  of  juice;  this  is  not  a  new  fact,  but  one  to  which 
the  colonists  have  never  attached  the  importance  which  it  merits; 
it  is  certain,  indeed,  that  the  means  which  they  employ  for  crush- 
ing the  cane  and  extracting  the  juice  from  it  are  far  from  furnish- 
ing this  quantity;  it  appears  that  the  best  constructed  and  most 
powerful  mills  give  fifty  per  cent,  of  juice;  in  most  factories  the 
yield  is  less;  there  is  obtained  then,  at  the  most,  one-half  of  the 
product  indicated  by  theory. 

.  It  is  difficult  to  collect  precise  information  on  this  subject,  be- 
cause it  exacts  an  examination  and  attention  which  it  is  not  cus- 
tomary to  demand  from  the  colonial  industry.  However,  a  phar- 
maceutist, of  New  Orleans,  M.  Avequin,  who  made  some  conscien-' 
tious  researches  on  sugar  cane,  (researches  which  I  have  not  men- 
tioned above,  because  they  were  made  to  confirm  the  ideas  oi 
Dutrone  and  Proust,  on  this  plant;  he  finds  seventeen  different  com- 
ponents, and  admits  that  it  contains  uncrystallizable.  sugar.)  M. 
Avequin,  I  say,  has  deemed  it  desirable  to  establish,  by  a.  series  of- 
experiments,  the  quantity  of  juice  obtained  in  sugar  houses.*  Ac- 
cording to  him,  one  thousand  parts  of  Otaheite  cane  passed  through 
a  first  class  mill,  (West  Point  foundry,)  gave  560  of  juice  ^nd  440 
of  begassa — the  mean  of  five  experiments;  one  thousand  parts  of 
ribbon  cane,  passed  through  the  same  mill,  yielded  472  of  juice  and* 
628  of  beeassa.  ^ 

^'Now,^  adds  M.  Avequin,  <^one  thousand  parts  of  cane  contain 
007  pounds  of  juice;  then  the  loss  in  juice  by  working  is  407,  and 
is  equivalent  to  a  loss  in  sugar  of  64.08.  A  planter  who  makes 
annually  300  hogsheads  of  sugar  would  obtain  544,  if  he  could  ex- 
tract all  the  juice  which  the  cane  contains." 

The  harmony  which  exists  between  the  results  of  M.  Avequin 
and  my  own  will  be  remarked  for  the  proportions  of  the  juice  and 
the  woodjr  parts  which  the  cane  contains.  It  is  then  very  evident 
that  this  important  part  of  the  colonial  iiidustry-*the  extraction  of 
the  mice,  leaves  much  to  be  desired,  by  admitting  even  that  the 
hard,  and  at  the  same  time  spongy  tissue  of  the  plant  which  pre- 
vents the  crushing  by  mills  more  powerful  still  than  those  w,hich 
are  used,  does  not  furnish  a  yield  superior  to  that  which  is  obtained: 
we  could  doubtless  diminish  the  enormous  loss  which  is  experienced 
in  the  actual  system,  by  plunein^  the  begassa  on  leaving  the  mill 
into  cold  water,  or,  better  still,  into  boiling  water,  and  then  press 


*  JoonMl  de  Chinie  M^dioaUi  Tome  XII.  pago  M* 
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them. a  seciood  time.  Perhaps,  also,  drying  in  the  sun,  succeeded 
by  methodical  washings,  could  be  used  on  the  begassa  already  toui 
and  dried  by  the  crushing,  to  which  it  has  once4)een  submitted. 

In  short,  we  see  how  fruitful  in  profitable  consequences  \be  facts 
which  precede  are  to  the  practice  of  the  colonial  sugar-houses. 
May  they  at  last  profit  by  the  precepts  which  science  has  furnished 
them,  and  by  the  riches  which  nature  has  lavished  on  them.  I  do 
not  hesitate  to  say,  in  conclusion,  that,  in  my  opinion,  if  the  beet 
was  cultivated  in  the  colonies  it  would  not  furnish  sugar  bj  the 
processes  which  are  employed  there  for  working  the  sugar  cane; 
and,  if  this  last  plant  could  exist  in  France,  the  quantity  of  sugar, 
which  we  know  can  be  extracted  from  it,  would  soon  reduce  this 
aliment  to  a  price  accessible  to  all  classes  of  the  population. 


Report  on  a  mempir  of  M.  E,  Peligot^  entitled  ^^ Researches  an  the 
chemical  composition  of  the  sugar  cant  of  Martinique. ^^  Com- 
mittecy  MM.  Robiquety  Pelouze^  M.  Thendrd^  reporPer. 

At  all  times,  researches,  having  for  their  object  the  exact  deter- 
mination of  the  different  quantities  of  proximate  principles  in  the 
sugar  cane,  would  have  fixed,  in  an  especial  manner,  p^nlic  atten- 
tion; but  now  they  acquire  a  new  degree  of  interest  from  the  cir- 
cumstances by  which  we  find  ourselves  surrounded. 

•  M.  F^ligot,  then,  deserves  praise  for  having  undertaken  them, 
the  more  so  as  he  has  rectified  some  errors  very  injurious  to  the* 
important  art  of  extracting  sugar  from  the  cane. 

The  authors  who  have  been  engaged  in  analysing  cane  juice  re- 
^  garded  it  as  water  holding  in   solution  sugar,  gum,  albumen,  mu- 

*  cilage,  a  kind  of  soapy  matter,  acids,  and  various  salts;  a  liquid  of 
a  very  complex  nature.  Hence  arose  the  difficulty  of  extracting 
the  sugar. 

M.  P61ieot  shows,  on  the  contrary,  that  the  filtered  juic.e  is 
formed  of  four  parts  of  water  and  one  part  of  crystallizable  sugar; 
that  it  is  only  sweetened  water,  or  at  least  that  the  saline  or  or- 
ganic substances  which  we  find  in  it  are  equivalent  only  to  tIIt  ^^ 
its  weight. 

Then,  seeking  how  much  juice  the  cane  contains,  he  found,  with 
M.  Avequin,  that  it  contained  90 per  cent.;  but,  as  it  contains  one- 
fifth  of  sugar,  it  follows  that  the  cane  ought  to  contain  18  per  cent., 
a  quantity  much  greater  than  that  heretofore  admitted. 

How  does  it  happen  that  the  manufacturers  obtain  only  from  six 
to  eight  per  cent,  oi  sugar,  and  three  to  two  of  molasses,  for  100 
per  cent,  of  juice,  and  even,  according  to  M.  De  Jabrun,  a  delegate 
from  Guadaloup^,  the  yield  of  sugar  is  only  four,  and  of  molasses 
only  1.7]  It  is  because  the  mill  extracts  only  five-ninths  of  the 
juice,  according  to  the  information  given  to  M.  Peligot  and  M. 
Avequin,  and  only  two-fifths  according  to  M.  De  Jabrun. 

In  all  cases  it  is  now  well  established  that  a  large  quantity  of 
sugar  remains  in  the  crushed  cane,  and  is  burnt  with  the  begassa. 
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Wquld  it  not  be  possible  to   extract  some  from  it  by  placing  tHe ' 
crushed^anle  in  contact  with  water  near  its  boiling  point? 

On  the  other  hand,  it  is  certain  (and  all  chemists  agree  to  it)  that 
the  processes  of  evaporation  and  of  boiling  are  very  imperfect,  and 
give  rise  to  much  molasses. 

M.  P^ligot  operated  only  on  one  quality  of  juice,  and  on  one 
kind  of  cane  which  he  owes  to  the  kindness  of  M.  Gradis,  a  mer- 
chant of  Bordeaux.  The  juice,  according  to  his  direction,  had 
been  preserved  by  Appert's  process,  and  the  cai^e  dried  at  60®,  by 
M.  P^raud,  a  pharmaceutist,  who  had  taken  care  to  weigh  it  before 
and  after  the  drying.  The  whole  arrived  in  a  st&te  of  perfect 
preservation. 

Probably  in  operating  on  other  canes  and  other  juice  results  a 
little  different  would  be  arrived  at. 

However  that  may  be,  according  to  M.  Peligot,  the  cane  con- 
tains more  sugar  than  we  suppose. 

A  great  quantity  of  sugar  remains  in  the  begassa. 

The  juice  is,  so  to  speak,  only  sugar  and  water. 

The  boiling  of  tUe  juice  is  performed  by  very  Imperfect  pro- 
cesses. 

There  is  reason,  then,  to  hope  that  important  improvements  will    « 
be  made  in  the  art  of  extracting  the  sugar  from  the  cane,  and  that 
we  shall  thus  be  able  to  extract  from  it  much  more  sugar  than  by 
theprocesses  which  have  been  used' until  now. 

We  think  that  the  memoir  of  M.  P^Hgot  is  worthy  the  approba- 
tion of  the  academy,  and  that  it  merits  to  be  printed  in  the  Recuil 
des  savans  etr angers. 

The  conclusions  of' this  report  are  adopted. 


NOTE  E. 


On  the  method  by  desiccation  of  Mr,.   Schutzenhachj  and  the  yield 

of  the  cane  in  juice. 

In  the  third  of  the  preceding  reports  I  have  repeatedly  spoken 
unfavorably  of  the  method  by  desiccation.  (See  art.  30,  chap.  1, 
and  arts.  9  and  18,  chap.  2.)  The  following  fabts  and  views  are, 
therefore,  presented  in  order  to  do  justice  to  this  interesting  sub- 
ject. 

Although  the  results  of  the  industrial  experiment,  which  was 
tried  on  a  large  scale  in  the  iiiland  of  Ouadaloupe— of  which  I 
have  been  unable  to  obtain  any  authentic  information  beyond 
wbttt  18  stated  (see  note  C)  by  Mr.  Peligot  in  his  report  to 
Admiral  Duperri — have  doubtless  settled  the  question,  whether 
dried  pieces  of  cane  can  be  exported  from  the  West  Indies,  and  sugar 
extracted  from  them  profitably  in  Europe;*  and  although  ^he  ex- 

*  In  the  Sagar  Planner's  M^aal.  Dr.  EraDS  says  :  '^  It  was  proposed  a  few  years  ago  to 
cat  the  caneb  into  thin  slioee,  which  were  to  be  drf6d,  either  in  the  van  or  by  means  of  artifi* 
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perimeBts  of  MM.  Dapny  aod  P6Ugot,  as  well  as  my  o^d,  tead  to 
show  that  dried  cane  is  liable  to  rapid  deterioration  by»  fermenta* 
tion,  if  kept  for  any  length  of  time ;  still,  there  is  a  question  well 
worthy  of  consideration,  which  may  hereafter  excite  much  atten- 
txon,  if  it  has  not  done  so  already,  and  which  can  only  be  decided 
by  trial  upon  a  manufacturing  scale:  can  the  method  which  Mr. 
Schutzenbach  has  introduced  into  the  beet  sugar  industry,  or  some 
analagous  process,  be  employed  advantageously  in  the  rival  indus- 
try of  the  cane  1 

That  method  appears  to  have  gone  into  operation  in  Germany  to  an 
extent  which  is^  indeed^  vast  and  astonishing.  And  it  seems  to  be  in 
the  highest  degree  probable  that  the  quantity  of  beet  sugar  produced 
on  the  continent  of  Europe  will,  by  reason  of  this  new  method,  be- 
come so  great  that  the  value  of  cane  sugar  may  be  considerably  re- 
duced. Doubtless,  increased  consumption  and  the  recent  pseudo- 
philanthropic  liberation  of  negroes  in  the  Weat  Indies,  will  have  a 
counteracting  effect.  Still,  to  obtain  a  larger  amount  of  sugar 
from  the  same  quantity  and  kind  of  canes,  of  better  quality  and  at 
less  cost  of  production,  must,  under  any  circumstances,  be  an  ob- 
ject of  chief  importance  to  the  American  planter. 

In  Louisiana,  the  planters  have  to  contend  with  such  great  dis- 
*  advantages,  that  what  might  be  perfectly  practicable  in  Cuba,  is 
im|)0S8ible  there.  Some  of  these  disadvantages  are  set  forth  so 
justly  and  forcibly  by  one  of  their  number,*  Mr.  Valcour  Aime,. 
that  I  here  quote  his  language:  ^^  Canes  in  Cuba  ripen  during  four- 
teen or  eighteen  months,  and  require  no  ploughing,  no  ditching, 
and  hardly  any  weeding;  their  rattoons  last  fifteen  und  twenty 
years.  Here,  after  having  tilled  our  soil  in  a  manner  that  no  far- 
mer in  th,e  United  States  would  be  ashamed  of)  yre  must  get  sugar 
oat  of  our  canes,  on  an  average,  eight  moSiths  after  they  have  come 
out  of  the  ground,  and  we  must  re-plant  every  second  year.  They 
grind  six  months  in  the  ye^r;  we  can  hardly  calculate  on  half  that 
time  to  get  through  our  crops,  and  must,  therefore,  manufacture 
our  sugars  twice  as  fast  as  they  do  theirs.  With  all  these  disad* 
vantages  on  our  side,  and  many  more,  which  it  would  be  too  tedi- 
ous to  mention,  our  planters  make  fully  as  many  pounds  of  sugar 
to  the  working  hand  as .  can  be  made  in  Cuba.  This  shows  con- 
clusively that  we  are  not  in  the  arrear,  as  Mr.  McCuUoh  seems  to 
think.  There  is  no  branch  of  industry  in  the  United  States  for 
which  more  money  is  expended  every  year,  in  experiments,  than 
for  the  sugar  manufacture  of  Louisiana.  If  methods  are  adopted 
which  may  in  many  respects  be  considered  faulty,  it  is  not  because 
our  planters  know  no  better,  but  because  they  are  compelled  by 
our  climate  to  adopt   the  most  expeditious  means  of  operation. 

cia]  heat,  and  then  forwarded  to  Earope  for  the  parposes  of  mamiraetiire.  This  acheme  was 
tned  io  Guadaloope,  and,  aa  niigbt  be  imagined,  faued.  Deoompoaition  of  the  canea  eom* 
meoccd  oi^  board  ship,  and  on  arrival  in  France,  the  whole  of  their-  ansar  was  deatroyed. 
Moreover,  if  they  had  arrived  id  a  ferfectly  soand  sUte,  the  trouble  and  expense  attending 
•  the  operation  of  aliciag  and  drying,  conplea  with  the  additional  freight ^  render  it  qneationa- 
ble  wliether  the  scheme  woald  have  been  remonerative." 

*  See  Do  Bow'a  Review^  Marob^  1848,  vol.  5j  page  ^1. 
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The  great  question' with  us  is  not  how  to  maVe  the  finest  sugar  and 
how  to  make  the  most  of  it,  bat  how  to  make  it  fast  enough;  we 
know  that  frost  may  soon  prevent  us  from  making  any  at  all.  This 
is  the  reason  which  has  prevented  th«  planters  of  Louisiana  from 
adopting  generally  the  improved  processes  for  making  sugar;  most 
^of  the  ameliorated  machinery  operates  too  slowly  to  save  our 
crops,  and  the  perfected  apparatus  which  are  not  liable  to  that, 
fault,  are  within  the  reach»of  very  few  fortunes.  .Although,  on  ac- 
count of  our  working  more  and  better  than  the  Cuba  planters,  we 
make  as  much  sugar  as  they  do." 

To  what  extent  these  and  other  comparative  disadvantages  would 
operate  to  prevent  the  use  of  the  method  of  desiccation  in  Louis- 
iana no  c^ne  can  say  positively,  and  experienced  planters  of  that 
State  alone  must  judge.  Juice  from  canes  of  eight  months'  growth 
is  much  more  impure  than  that  of  mature  canes;  and  this  difference 
of  chemical  composition  would  certainly  give  rise  to  correspond-, 
ing  differences  in  results,  if  trial  were  made  of  that  method,  in  the 
West  Indies  and  in  Louisiana,^  under  simihr  circumstances.  Per- 
fect similarity  of  circumstances  would  not  be  practicable,  however^ 
by  reason  of  the  difference  of  climate.  Yet,  in  Louisiana,  the  low 
temperature  of  the  winter  months  would  tend  to  prevent  fermenta- 
tion, and  thus  in  a  measure  compensate  for  the  inferiority  of  the 
raw  material.  Experiments,  upon  a  scale  of  sufficient  magnitude 
to  decide  this  question,  without  causing  serious  loss  in  any  in- 
stance, might  be  tried  by  some  of  the  planters;  and  the  information 
thus  obtained  would  certainly  be  highly  interesting,  if  not  im% 
portant. 

But  if  the  method  of  desiccation  be  impracticable,  or  if,  for  any 
reiison  whatever,  it  be  deemed  inexpedient  to  modify  the  present 
mode  of  working  very  greatly,  the. question  arises  whether  or  not 
the  yield  of  the  cane  cannot  be  much  increased  by  some  modifica- 
tion of  the  method  of  rolling. 

In  my  third  report  I  stated  that  "  I  have  no  authentic  data  from 
which  I  can  determine  the  yield  usually  obtained  in  Louisiana.^'' 
Since  that  statement  was  made,  a  valuable  paper   from  the  pen  of 
J.  P.  Benjamin,  esquire,  appeared  in  De  Bow's  Keview  for  January, 
1848,  from  which  I  make  the  following  extract: 
^  "The  first  great  object  of  the  planter  who  is  about  to  manufac- 
ture the  crop,  which  forms   the  whole  return  for  the  labors  of  the 
year,  is,  undoubtedly,  to  extract  from  the  cane  all  the  juice  that 
it   contains.     Unfortunately,  no  means  have  yet  been   devised  by 
which  this  end  can  be  completely  obtained,  and  the  begassa,  as  it 
leaves  our  bsst  constructed  mills,  carries  with  it  from  one-third  to 
one-fourth  of  the  juice.     However«improbabIe  it  may  appear,  it  is 
nevertheless  certain,  that  the  fluid  contents  of  a  cane  form  from 
88  to  90  per  cent,  in  weight  of  the   entire   structure  of  the  stem, 
and  I  have  taken  some  pains  to  ascertain  during  the  present  season 
the  yield  of  juice  from  our  mills  of  ordinary  construction.     I  found 
the  yield  from  the  three-roller   mill  of  average  size,   and  run  at  a 
speed  of  3^  revolutions  per  minute,  to  be  sixty-one  per  cent.;  whilst 
from  another  of  very  large  size,  of  which  the  rollers  were  6J  feet 
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ill  length  and  28  inches  in  diameter)  and  which  was  ran  at  a  speed 
of  only  3^  revolutions  per  minnte^  the  yield  was  sixty-six  per  cent., 
the  begassa  being  delivered  from  the  latter  almost  pulverized  and 
apparently  dry.  These  results  are  undoubtedly  much  more  satis- 
factory than  would  have  been  afforded  some  years  ago^  stilly  they 
sheWyth^t  after  all  the  care  bestowed  in  raising  our  crops^  from  one- 
fourth  to  one-third  of  our  produce  is  absolutely  lost;  and  if  we 
take  what  I  believe  to  be  a  fair  average  of  the  yield  of  juice  in 
sugars,  that  is,  if  we  assume  that  one-tenth  of  the  weight  of  the 
juice  'is  the  product  in  crystallized  sugar,  we  find  that  we  obtain 
only  about  6^  per  cent,  of  the  weight  of  the  cane  in  sugar,  where- 
as chemical  analysis  shows  that  it  contains  18  per  cent«^' 

Mr.  Benjamin  remarks,  that  ^Hhe  very  spongy  consistency  of 
the  pith  of  the  cane  presents  an  obstacle  to  the  extraction  of  all 
its  juice  by  compression  that  is  apparently  insurmountable,  and  the 
very  interestina;  inquiry  at  once  suggests  itself — are  there  no  other 
means  by  which  all  the  fluid  contents  of  a  cane  can  be  obtained? 
That  this  can  be  done  on  a  small  scale  in  the  laboratory  is  well  known, 
but  the  difficulty  is  to  effect  the  object  on  the  large  scale,  and  with 
the  rapidity  required  on  a  plantation  during  the  grinding  season. 
A  patent  was  taken  out  in  England  not  long  since,  by  a  Mr.  Michiel, 
for  extracting  the  sugar  from  the  cane  by  an  entirely  new  process 
thus  described  and  commented  on  in  the  Sugar  Planters'  Manual:" 

^<It  consists  in  cutting  the  canes  into  extremely  thin  slices,  and 
then  submitting  them  to  the  action  of  a  mixture  of  lime  and  water, 
which  it  is  presumed  will  coagulate  and  render  insoluble  the  whole 
oT  their  nitrogenized  constituents;  thus  permitting  the  extraction 
of  the  wholes  of  the  sugar  with  the  soluble  salts  by  means  of  wa- 
ter." 

**  Were  this  process  as  practicable  as  its  admirers'  s€em  to  think, 
it  ought  J  unquestionably^  to  be  universally  adopted;  for  I  believe 
that  were  it  skilfully  carried  out^  almost  the  whole  of  the  saccha- 
rine matter  in  the  cane  would  to  a  certainty  be  extracted.  It  re- 
mains, however,  to  be  seen  whether  it  is  really  so  practicable,  or 
whether  its  application  will  be  sufficiently  cheap.  I  much  fear  that 
the  circular  knives,  by  which  the  canes  are  to  be  sliced,  if  we  may 
Judge  from  what  occurs  in  the  slicing  of  the  beet  root,  will  be  sub- 
ject  to  continual  derangement,  and  their  edges  blunted  by  the  sili- 
cious  coating  of  the  cane..  It  may  be  doubted  whether  the  opera- 
tion will  prove  a  sufficiently  speedy  one  to. admit  of  its  adoption 
on  large  estates.  The  amount  of  evaporation  demanded  would  also 
be  great.  This,  it  is  true,  may  be  obviated  by  placing  the  canes 
thus  sliced  in  a  succession  of  boxes  having  perforated  bottoms, 
and  placed  one  over  the  other  i^^uch  a  manner,  that  boiling  water 
poured  into  the  upper  one  will  gradually  percolate  through  each  of 
the  subjacent  ones,  and  thus,  by  robbing  the  canes  successively  of 
the  greater  portion  of  their  sugar,  the  saccharine  liquid  will  be- 
come gradually  more  inspissated  as  it  descends,  until,  when  it 
comes  away  from  the  lowest  box,  it  will  have  assumed  the  state  of 
a  syrup  of  considerable  density." 
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To  this  quotation  from  Evans's  excellent  work  Mr.  Benjamin  him-^ 
self  adds : 

^'  Allow  me  to  inform  you  tliat  I  hare  from  reliable  authority 
ascertained  that  the  process  of  Michtel  has  actually  been  put  in 
operation  on  a  large  scale  in  the  island  of  Martinique,  and  with' 
great  success,  and  has  there  caused  a  yield  of  from  11.  to  12  per 
cent,  of  the  weight  of  the  cane  in  sugar,  on  estates  which  had  pre^' 
yiously  produced  but  six  and  a  half  per  cent.  I  haYe  not  learned' 
whether  the  maceration  is  with  hot  or  cold  water,  nor  whether  if 
with  tbe  former  the  sugar  is  delinquescent  by  reason  of  the  presence 
of  pectine  in  the  juice. ** 

And  after  describing  a  proposed  apparatus,  consisting  of  a  series 
of  cisterns,  for  the  systematic,  continuous  and  complete  extraction 
of  the  juice  by  maceration,  as  in  the  beet  sugar  industry,  Mr.  B.' 
concludes: 

That  ^*if  an  apparatus  on  this  or  similar  principles  could  be  car-** 
ried  into  operation  on  a  large  scale,  a  scale  sufficient  to  take  oft 
tiie  crop  of  the  most  extensiye  plantations,  its  results  would  be 
enormous;  the  whole  sugar  crop  of  the  State  would  be  at  once 
doubled,  and  the  inventor  would  reap  the  richest  rewards  for  the 
time,  labor  and  talent  expended  in  perfecting  it." 

I  may  here  observe,  that  lime  converts  pectine  into  a  gelatinoM 
bat  insoluble  pectate  of  lime,  by  a  peculiar  transformation  which' 
Dumas  and  others  have  called  pectic  fermentation;  in  the  use  of 
the  process  of  Michiel  no  trouble  should,  therefore,  arise  from  the 
existence  of  pectine  in  the  pulp  of  the  cane. 

At  present,  however,  and  until  some  such  method  as  that  of  Mi- 
ehiel,  or  that  of  Schntzenbach,  shall  have  become  thoroughly  tried 
and  fully  established,  ^Ht  must  be  admitted,"  as  Dr.  Evans  remarkS|' 
^*  that  the  only  means  which  have  been  sufficiently  tested  to  giv^ 
us  the  confidence  we  hare  a  right  to  demand,  for  obtaining  the  sac- 
charine fluid  from  the  cane,  is  the  mill.  We  niust,  therteforei 
attempt  to  the  utmost  of  our  power  to  correct,  at  least  in  dome 
measure,  its  present  imperfections,  or  rather  the  imperfect  re- 
sahs.  obtained  by  it." 

All  that  this  gentleman  has  written  upon  this  subject  is  welP 
worthy  of  the  careful  attention  6t  every  planter;*  and  the  rules 
which  he  gives  for  rendering  a  mill  as  emci^t  as  possible  alsd* 
deserve  experimental  trial,     fie  says;: 

'<<fn  the  island  of  Madeira  i  obtained  at  two  difiTerent  times  byf 
the  same  mill,  and-  from  canes  of  sitnihr  character  and  quality,  47.& 
and  70.2  per  cent,  of  juice.  The  mill  was  a  small*  one,  made  at 
Aberdeen  about  two  years  previously,  on  the  ordlhary  principle! 
with  horizontal  rollers,  arid  the  motive  power  was  cattle.  During 
the  experiment,  which  furnished  the  last  and  largest  result,  ther 
rollers  were  braced  more  than  usually  tight,  and  the  number  of 
oanes  introduced  at  a  time  were  five  or  six,  being  the  utmost  that' 
the  strength  of  the  cattle  would  a^mit  of.  The  canes  were  squeezed 

*  See  De  Bow's  Review,  vol.  6,  Ko*  4.  October^  1848;  ia  whiob  periodioal  the  reader  ^ill 
alio  find  much  valuable  iaformatioa  on  the  bagar  iadastry,  etc. 
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once  only;  indeed,  the  begassa  *was  too  much  lacerated  to  admit  of 
its  being  passed  between  the  rollers  a  second  time  with  advantage." 

For  this  reason  Dr.  Evans  earnestly  recommends  that  the  mill 
be  tightly  braced,  and  that  all  possible  pains  be  taken  to  render 
the  pressure  of  the  canes  as  complete  as  possible,  by  avoiding  all 
irregularity  both  in  feeding  the  mill  and  in  its  motion,  etc.,  etc.  He 
correctly  argues  that  the  sugar  left  in  the  begassa  is  a  dead  loss, 
even  as  fuel,  because  fermentation  promptly  takes  place  and  con- 
Terts  it  either  into  incombustible  substances,  lactic  acid,  etc.^  or 
into  carbonic  acid,  etc.,  which  are  volatile;  so  that  when  used  the 
woody  fibre  alone  remains.  He  recommends  the  use  of  the  begassa. 
as  manure,  that  it  may  increase  the  crop,  its  value  in  the  West  In- 
dies being  60  per  cent,  greater,  in  his  opinion,  if  thus  employed^ 
than  if  used  as  fuel  in  place  of  coal  imported  at  five  dollars  per 
ton.  He  shows  the  importance  of  increasing  the  yield  in  juice  by 
the  calculation;  that  if  the  amount  be  augmented  only  from  50  to 
60  per  cent,  on  an  estate  making  200  tons  of  sugar,  the  annual 
crop  would  then  give  240  tons.  And  if  the  begassa  be  used  entirely 
for  manure,  so  that  it  shall  become  necessary  to  purchase  coal  at 
£ve  dollars  per  ton,  then  assuming  the  value  of  the  40  additional 
tons  of  sugar  to  be  f  100  per  ton,  and  the  quantity  of  coal  required 
to  be  240  tons,  there  would  be  a  clear  gain  of  $2,800.  The  gain 
would,  of  course,  be  greater  if  the  begassa  is  not  needed  for  man- 
ure, and  if  used  in  place  of  a  portion  of  the  coal.  Finally,  Dr. 
Evans  speaks  of  mills  with  five  or  four  rollers,  as  follows: 

^'Mills  have  been  within  the  last  few  years  manufactured  with 
£ve  rollers,  which  are  placed  with  regard  to  each  other,  in  the 
same  manner  as  are  the  three  rollers  in  the  usual  horizontal  mills 
— that  is,  two  are  placed  above  and  three  below.  Mills  thus  con- 
structed have  been  successfully  used  in  Cuba,  Bourbon,  and  the 
Mauritius,  70  per  cent,  of  juice  having  been  obtained  by  them  at 
one  operation,  without  much  greater  laceration  of  the  begassa  than 
is  usually  produced  by  the  three-roller  mill.  But,  as  might  be 
foreseen,  a  great  objection  has  been  raised  against  them,  owing 
to  the  very  considerable  increase  of  motive  power  which  they  re- 
quire." 

'^Latterly,  sugar-mills  have  been  constructed  with  four  rollers^ 
which  are  placed  two  below,  and  the  other  two  above,  and  imme* 
diately  over  the  former.  These  mills  have  been  greatly  extolled^ 
producing,  as  it  is  said,  from  70  to  76  lbs.  of  juice  from  100  lbs.  of 
canes,  with  a  motive  power  little,  if  any,  greater  than  that  whick 
is  required  by  an  ordinary  three-roller  mill  of  equal  size.  I  have 
not  seen  mills  of  this  construction  in  operation,  but  I  believe  that 
the  advantages  which  they  are  said  to  possess  have  not  been  ex- 
aggerated.*' 

Upon  this  subject,  P.  M.  Lapice,  esq.,  of  Louisiana,  informs  me,. 
through  a  mutual  friend,  that  a  double  pressure  mill,  which  haa 
been  erected  upon  his  plantation,  ^^(xtracts  nearly  all  the  juice 
from  the  cane,  and  fits  the  begassa  in  the  best  possible  manner  for 
manure,  which  is  fit  for  immediate  use." 

In  conclusion,  I  present  to  the  reader  the  following  account  of 
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Mr.  Shutzenbach's  method  by  desiccatioo,  extracted  from  the  Bul- 
letin de  la  Societe  d^ Encouragement  pour  IHndustrie  nationaUj  of 
Paris,  for  the  years  1838  and  1846;  first  remarking,  however,  that 
the  assertion  made  by  me  in  my  third  report,  that  ^^  double  the 
amount  of  water  has  to  be  evaporated,"  (see  art.  9,  §  1,  chap.  2,) 
is  not  correct;  for,  since  the  dried  cane  furnishes  a  saccharine  so- 
lution of  30^  Baum6,  it  follows  that  the  only  additional  quantity 
of  water  to  be  evaporated  is  that  contained  by  such  a  solution, 
over  and  above  the  proportion  which  is  to  be  permitted  to  remain 
in  the  syrup  when  concentrated  to  the  striking  point. 

The  beets  after  being  cleaned  in  the  ordinary  manner,  by  scrap- 
ing and  washing,  are  cut  into  small  parallelepipeds,  by  means  of  a 
very  simple  and  economical  machine,  consisting  of  a  peculiar 
knife,  set  in  a  frame,  to  which  a  vertical  reciprocating  motion  is 
imparted  by  a  connecting  rod  and  eccentric;  a  full  description  of 
which,  with  detailed  drawings,  is  given  in  the  BulL  de  la  Soc. 
d'Encour^  1838,  page  438.  The  form  thus  given  to  the  pieces  af 
beet  is  considered  by  Mr.  Schutzenback  the  best  adapted  for  com- 
plete desiccation. 

They  are  next  conveyed  to  the  stove  to  be  dried.  For  this  pur- 
pose he  describes  two  different  arrangements;  one,  a  cast  iron  fur- 
nace, or  large  stove,  surmounted  by  a  sheet-iron  pipe,  bent  in  the 
form  of  a  serpentine  or  coil,  the  whole  being  closely  surrounded 
by  a  brick  wall,  through  which  holes,  furnished  with  dampers,  ad- 
mit the  air  to  be  heated  in  greater  or  less  quantity.  A  thin  sheet- 
iron  plate,  pierced  with  numerous  holes,  extends  over  this  furnace 
to  distribute  the  heat  uniformly;  and  the  beets  to  be  dried  are 
placed  above  in  trays  with  bottoms  of  wire  gauze,  which  are  sup- 
ported by  frame  work.  (See  pages  439-.'40,  and  plate  750  of  tbe 
said  volume.)  .  The  other  arrangement,  which  is  preferred  by  Mr. . 
Schutzenbach,  consisti  of  a  rather  complicated  furnace  for  heating 
air,  by  means  of  vertical  pipes  passing  through  the  flue,  which  ex-  - 
tends  horizontally  the  entire  length  of  the  building,  and  of  an  end- 
less band  of  wire  gauze  moved  upon  pullies  by  a  steam  engine,  by. 
which  the  pieces  of  hectare  conveyed  backward  and  iorwaid  many 
times  in  the  ascending  current  of  hot  air,  the  circulation  of  which . 
is  rendered  more  rapid  by  the  action  of  a  ventilator  or  blowing 
machine.  (See  paees  440-'41,  and  plate  749.)  The  whole  is  en- 
closed between  walls  of  masonry,  and  an  extended  plate  of  sheet- 
iron,  pierced  with  numerous  orifices,  distributes  the  heated  air  uni- 
formly, and  catches  any  pieces  of  beet  which  may  happen  to  fall. 

^^To  this  furnace  Mr.  Schutzenbach  attributes  the  following  ad- 
vantages: 1st.  Great  saving  of  manual  labor.  2d.  In  the  continu- 
ous movement  of  the  metallic  band  every  surface  of  the  pieces  of 
beet  is  brought  into  contact  with  the  heated  air.  3d.  Security 
against  accident  by  fire.  4th.  The  heated  air  and  vapor  which  en- 
capes  may  be  used  for  warming  other  parts  of  the  establishment. 
5th.  The  desiccation  of  beets  is  performed  continuously  and  upon 
a  large  scale.'' 

'^  The  process  followed  by  Mr.  Schutzenbach  for  extracting  the 
sugar  from  the  dried  beets  is  as  follows:" 
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"Ooming^  from  the  stove  perfectly  dry,  they  are  reduced  to  pow- 
der in  any  manner;  and  the  sugar  is  then  extracted  from  this  pow- 
der by  macerating  it  in  water  acidulated  with  sulphuric  acid.  For 
this  purpose,  nine  parts,  by  weight,  of  pure  water  are  poured  into  a 
wt)oden  tub,  and  from  two-thirds  to  three-quarters  (according  to 
the  richness  of  the  beets)  of  a  per  cent,  of  the  sulphuric  acid  of 
commerce  is  then  added;  four  parts,  by  weight,  of  powdered  beet 
are  stirred  into  the  liquid,  and  the  stirring  is  continued  uninter- 
ruptedly until  the  acid  is  absorbed.  After  repose,  the  precipitated 
pulp  is  removed,  and  the  liquid  it  retains  is  expressed  in  the  usual 
manner." 

"The  juice  thus  obtained  is  reserved  for  after  treatment.  The 
residue  contained  in  the  sacks  is  macerated  in  water  acidulated  to 
the  ^ame  degree,  and  then  pressed  anew.  The  juice  resulting  from 
this  second  pressure  is  used  in  place  of  water  for  dissolving  a  fresh 
portion  of  powdered  beet;  and  the  same  operation  is  repeated  until 
the  pulp  appears  to  be  entirely  exhausted  of  saccharine  matter.'* 

^'The  expressed  juice,  of  the  required  density,  is  mixed,  at  a  low 
temperature,  with  as  much  lime  in  powder  as  is  necessary  to  neu- 
tralize the  acid;  and  the  calcareous  precipitate  is  then  removed  by 
the  ordinary  means.  The  albumen  and  tannin  contained  in  the 
beet,  being  united  with  the  fibrous  portion  by  desiccation,  do  not 
escape  with  the  juice,  so  that  it  is  transparent  even  before  filtra- 
tion.'^ 

"It  is  afterward*  treated  in  the  usual  manner  to  obtain  the  crys- 
talline sugar;  only  a  smraller  quantity  of  animal  charcoal  is  used 
in  clarificati(yn  thiin  is  requisite  for  the  juice  from  beets  which 
have  not  been  dried.*' 

At  the  meeting  of  the  Socitte  d'  Encouragement^  March  18, 1846, 
the  president  (M.  Dumfts)  "annouticed  that  several  manufacturers 
of  Veet  sugar  from  the  department  du  Jford  and  from  Gertnany 
Were  present,  whom  be  invited  to  communicate  to  the  society  any 
information,  in  relation  to  an  industry,  which  is  an  object  of  its 
constant :  olicitude.  That  the  importance  of  such  communications 
might  be  ftally  appreciated,  the  president  described  the  present 
situation  of  the  sugar  industry."      «  *  •  •  ♦ 

"The  president  announced  that  important  communications  have 
been  made  to  the  society  upon  the  employment  of  desiccation." 

'*It  is  known,  said  he,  that  the  manufacture  of  beet  sugar  is  car- 
ried on  in  two  principal  methods.  In  the  one,  the  root  is  subjected 
to  the  action  of  rasps,  the  pulp  pressed,  the  juice  treated  with  lime 
and  then  erapo.rated  to  obtain  the  sugar.  In  the  othtr  the  root  is 
cut  into  smdll  pieces  and  then  dried,  (thus  prepared,  it  keeps  a 
long  time  without  alteration;)  it  is  washed,  and  the  syrup  obtained 
is  evaporated  to  extract  the  sugar  which  it  contains." 

<'Tiic  process  of  desiccation  invented  by  Mr.  Schutzenbach,  and 
of  which  a  detailed  description,  accompanied  by  figures,  is  given 
in  the  BulUtin  of  the  society,  page  438,  for  the  year  1838,  has 
made  but  little  progress  in  France.  Yet,  it  furnishes  sugars  of  bet- 
ter quality  and  greater  quantity;  the  work  can  be  continued  longer; 
tt-  requisite  capital  is  less;  and  the  cultivation  of   the  beets  may 
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be  carried  on  at  a  distance  from  the  factory}  for  tlie  jteaaofn  that 
the  weight  may  be  reduced  four-fifths." 

"  M.  de  Haber^  who  has  worked  accordiqg  to  this  method  for  a 
long  time  in  the  grand  duchy  of  Baden,  communicated  the  results 
obtained  in  that  countryi  as  well  as  in  the  kingdom  of  Wurtem* 
berg." 

''The  principal  factory  is  established  at  Wagbaeusel,  nctar  Man- 
heim.  It  has  operated  this  year  (1845)  upon  30  millioBS  of  kilo- 
grammes of  beets.  In  the  next  year  (1846)  it  will  operate  uppn50 
millions  of  kilogrammes." 

''The  touraUie^  or  stoTes  have  21  square  metres  of  surface;  30 
kilogrammes  for  every  0.105  square  metres  are  dried  in  24  hqucf • 
The  beet  loses  80  to  84  per  cent,  of  its  weight  by  the  eTaporajbton*" 

''To  work  the  cosseUe,  (dried  beet,)  it  is  ground  in  a  mill*  A 
single  filtration  is  sufficient  to  deprive  it  of  its  sug^r.  The  syrup 
obtained  is  perfectly  clear,  marking  20"^  to  25^Baum^)  and  contain- 
ing 40  to  42  per  cent,  of  sugar;  whereas  the  juice  obtained  from 
fresh  pulp,  which  marks  only  7^  to  8^  BauM,  eoi^tain^  but  10  per 
cent." 

"Hence,  to  obtain  40  parts  of  sugar  by  the  old,B;iethrOd,.360 
parts  of  water  must  be  evaporated,  or  six  timea  as  much  as  is  requi- 
site to  evaporate  the  svrup  obtained  by  the  Aew  process*  In  the 
concentration,  the  fuel  which  has  served  for  des^ication  is,  tkeire- 
fore,  economized." 

"The  expenses  of  manufacture  are  considerably  rediuced;  the 
rasps  and  presses  are  dispensed  with;,  the  sacks  arud  trays  are  re- 
placed by  less  costly  muslin  filters." 

"The  diminution  of  the  expense  of  the  establisbment  is  not  leas 
worthy  of  attention.  The  dried  beet  occupies  only  the  fifth  of  tbe 
volume  it  had  when  fresh.  M.  de  Haber  estimates  the  q^s^ntity  of 
sugar,  which  can  be  made  in  the  same  place  and  with  the  same  a|i- 
paratus,  as  15  to  18  times  as  much  as  by  the  old  method." 

"  M.  Evrard,  a  manufacturer  of  beet  sugar  at  Yalencieiinesi  then 
addressed  the  society  as  follows: 

"  The  work  by  dessication  in  the  factory  d'Herin  has  com- 
pletely satisfied  us.  The  cassette  obtained  is  white;  it  keeps  per- 
fectly in  the  storehouse,  and  even  in  a  deep  barn.  The  portions 
which  touch  the  walls  alone  being  slightly  softened,  bu.i  they  are 
neither  mouldy  nor  of  an  unpleasant  ordor." 

"  One  hundred  kilogrammes  of  fresh  beets  yield  18  of  cassette* 
To  dry  40,000  kilogrammes  of  beets,  it  requires: 

"40  hectolitres  of  coal,  at  1.5  francs • «•••  60  francs* 

20  days'  work,  (of  women,)  at  0.80 16     " 

14         do.  (of  men,)  at  1.50 21     " 

90  days'  interest   on   14,000  francs,  (the   cost  of  the 

stoves,)  at  7  per  cent • •••••   11      " 

Total 4 108  francs. 

"One  hundred  kilogrammes  of  cassette  cost  11  francs  and  11 
centimes. 
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<^  The  maceration  is  performed  in  the  apparatus  of  M.  Duquesne^ 
which  is  closed  hermetically;  two  .causes  of  fermentation  are  thus 
avoided — the  contact  of  the  air,  and  the  cooling  of  the  pulp.  M. 
Evrard  has  repeatedly  extracted  all  the  sugar  from  the  cotsette 
without  the  addition  of  lime,  and  never  observed  the  slightest 
trace  of  fermentation.  Yet,  to  avoid  the  abundant  deposites  which 
would  obstruct  the  establishment  if  lime  were  added  to  the  juice 
to  neutralize  and  defecate  it,  he  has  been  obliged  to  defecate  the 
juice  in  the  cassette^  by  treating  it  directly  with  lime.  The  pulp 
afterwards  contains  no  caustic  lime,  and  answers  for  feeding  cattle." 

^^He  then  gave  the  following  numerical  results:  350  kilogrammes 
of  cassette^  corresponding  to  925  kilogrammes  of  fresh  beets,  yield 
11  hectolitres  of  juice  at  9®  Baum6.  The  c^  arge  is  100  kilo- 
grammes of  sugar  of  the  type,  or  5.2  per  cent.,  reckoning  1,400 
grains  to  the  degree.  The  quantity  of  sugar,  bonne  quatrieme^  is  7 
per  cent,  in  the  first  juice.  Taking  this  as  the  absolute  yield,  we 
get  the  remarkable  result  that  100  kilogrammes  of  cassette  contain 
38  kilogrammes  of  sugar,  at  the  price  11  francs  11  centimes,  or 
29  francs  73  centimes  per  100  kilogrammes." 

'^  The  advantages  of  the  new  method  for  the  manufacture  of  sugar 
appear  incontestable.  Yet,  it  is  probable  that  the  establishments 
which  are  properous  under  the  present  system  will  find  it  difficult 
to  decide  upon  a  change  of  their  mode  of  working;  for  this  reason, 
M.  Evrard  proposes  a  mixed  system,  which  will  convince  them 
fully  of  the  fitness  of  suppressing  the  rasps  and  presses." 

^Ht  consists  in  adding  to  the  juice  to  be  defecated,  by  means  of 
dried  beets,  brown  sugar  at  29  francs  23  centimes  per  100  kilo* 
grammes,  weighing  25^  Baum6.  The  molasses  will  go  to  the  man* 
ufacturer." 

'^  Brown  sugar  costs,  at  present,  72  francs  per  70  kilogrammes; 
there  is,  therefore,  nothing  to  be  gained  by  purchasing  it." 

"  The  president  tendered  to  MM.  de  Haber  and  Evrard  the 
thanks  of  the  society  for  their  interesting  communications." 

**Upon  this  occasion  he  deemed  it  proper  to  present  to  the  socie- 
ty some  information  which  he  had  himself  received." 

"  An  immense  establishment  has  just  been  constructed  by  Mr. 
Schutzenbach,  in  Gallicia,  at  the  foot  of  the  Earpathian  moun- 
tains, at  fifty  leagues  from  Lemberg;  it  can  produce  at  least  twenty 
millions  of  refined  sugar  per  annum,  and  is  composed  of  a  central 
sugar  house,  and  fourteen  drying  houses  around  the  former,  within 
a  circle  of  seven  or  eight  leagues." 

"  The  beets  cultivated  in  the  vicinity  of  each  drying  house  are 
dried  in  vast  fitorcsf  they  have  a  cossette  which  contains  nearly 
one  half  of  its  weight  of  sugar — 100  kilogrammes  reduced  to  20  by 
desication." 

"Transported  to  the  central  factory,  the  cossette  is  there  washed 
in  close  vessels,  and  gives  a  syrup  which  attains  at  once  to  30^ 
Baum^;  this,  by  evaporation  in  open  pan«,  yields  directly  refined 
sugar." 

"  Calculated  from  the  weight  of  the  fresh  beets,  the  amount  of 
this  sugar  is  6  per  cent." 
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<'  Whkt  is  to  be  remarked,  is  the  fact  that  the  Tacuum  pan  is  not 
used  for  evaporation.  Mr.  Schntzenbach  has  not  wished  to  make 
use  of  it  in  a  country  poor  in  mechanical  resources;  he  has  sue* 
i^eeded,  favored  by  the  nature  of  the  beets,  which  are  probably  cul- 
tivated in  lands  much  less  manured  than  ours.'' 

^^Mr.  Schntzenbach  has  established  his  central  sugar  factory  ia 
a  vast  building,  133  metres  (432  feet)  long  by  27  metres  (86  feet) 
wide,  covered  by  a  roof  of  iron.  He  estimates  that  the  cost  of  this 
establishment,  with  its  annexed  appurtenances,  does  not  amount  to 
one-sixth  of  what  would  have  been  necessary  to  attain  the  same 
results  by  the  old  processes." 

"The  society  should  behold  with  pleasure  that  a  process,  the 
high  value  of  which  it  was  the  first  to  proclaim,  and  which  it  has 
sought  by  every  means  to  introduce  and  render  popular  in  France^ 
fully  realizes  its  hopes."     •  *     .        *  *  *  • 

"  When  we  see  real  colonies  thus  springing  up  in  Europe  itself| 
by  virtue  of  these  new  methods,  we  feel  that  the  sugar  industryi 
thus  regarded,  constitutes  a  new  social  progress." 

^^Let  the  society  then  continue  to  encourage  the  erection  of  sm^ 
gar  factories,  based  upon  the  method  of  desiccation,  and  drying 
Souses,  in  every  village,  which  shall  dry  the  beets  cultivated  in  the 
vicinity,  so  as  to  permit  them  to  be  kept  without  injury,  as  well  as 
to  be  transported  to  a  distance.  It  is  evident  that  the  culture  of 
the  beet  would  thus  become  general,  and  not  confined  to  a  few  fa« 
vored  localities;  this  vegetable  would  become  a  regular  crop,  and 
assume  its  place  in  the  combinations  of  agriculture  instead  of  being 
replanted  every  year  in  the  same  ground,  and  for  a  long  series  ot 
years.  The  whole  country  would  then  profit  by  the  advantages 
which  its  culture  brings  with  it,  and  the  soil  would  certainly  be 
improved."  »  •  •  •  "Notwithstanding  the  vicissitudes 
which  this  process  has  undergone  in  France,  and  those  which  may 
▼et  threaten  it,  I  have  never  varied  in  my  opinion  of  it,  as  is  well 
Known  to  you,  and  I  am  confident  that  the  name  of  Sckutzenbaclk 
will  hereafter  be  inscribed  among  those  of  the  rare  and  courageous 
men  who  have  introduced  into  the  world  ideas  useful  to  the  human 
race." 


NOTE  P. 

Remarks  and  criticisms  by  Mr.  Valcaur  Mme. 

In  De  Bow's  Review,  vol.  6,  page  254,  Mr.  Valcour  Aime  criti- 
cizes the  statement  repeated  by  me  in  article  39,  page  65,  that 
^^excellent  sugar  was  said  to  have  been  made  in  1845-^6,  by  Messrs* 
Packwood,  Benjamin  and  Y.  Degruy,  by  the  use  of  Rillieux's  ap- 
paratus, from  acid  frosted  cane  juice,  which  by  the  ordinary  method 
would,  it  is  stated,  have  yielded  molasses  only."  For  that  statement 
I  am  not  responsible;  it  was  based  upon  the  report  of  the  committee 
of  the  Agriculturists'  and  Mechanics'  Association  of  Louisiana,  and 
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tb.«  letter  of  V.  Degruy,  esq. 9  therein  cantained, •which  report  I 
.conAidered  worthy  of  credit,  .by  reason  of  the  source  from  which  it 
c^fXkef  wd  embodied  it  in  my  work.  I  have  no  knowledge  upon 
ihe  subject,  and  if  the  conmittee  have  erred,  there  \$j  perhaps,  no 
one  who  can  with  more  propriety  assume  to  correct  them  than  Mr. 
Yalcour  Aime  himself,  who  is  not  only  entitled  to  «peak  with  au- 
iiiority  as  a  planter  of  long  experience,  but  also  w^ll  known  through- 
put the  State. 

Thfi  following  are  Mr.  Y.  Aime's  remarks:  .<<It  is.  true  that  /air 
§ugar  can  be  extracted  from  frosted  canes,  by  mean<s  of  boneblack 
filters  and  the  vacuum  pan,  when  only  a  vei;y  inferior  article  could 
l^e  obtained  by  the  common  method.  The  canes,  when  frost  bitten^ 
pan  thus  be  rendered  profitable  for  a  few  days  longer.  This  is  not^ 
^owever,  the  peculiar  advantage  of  Rillieux's  process;  the  sama 
lesult   oan  be  obtained   by  means  of  Howard's,  Roth's,  Derosne'si 

£r  any  other  system  for  evaporating  in  vacuo.  I  have. seen  at  Mr. 
Apice's,  sugar  of  good  color  and  grain,  made  by  Derosne'g  appa- 
ratus which  was  so  very  sour  as  to  excite  a  disagreeable  sensation 
on  the  tongue;  when  the  sugar  was  drained  theacidity  disappeared, 
because  .it  was  confined  to  the  uncrystallized  part.  But  after  the 
deterioration  of  the  canes  has  so  far  progressed  that  the  juioei 
fiphen  boiled  in  open  pans,  produces  in  the  battery  or  teachenothii^g 
^.ttt  a  viscous  syrup  of  fine  yellow  color,  from  which,  by  th«  com- 
i^on  process,  not  a  p;artiele  of  grain  can  be  obtained,  I  contend 
thitt  no  apparatus  can  crystallize  it.  In  the  winter,  of  1845-'6t  tbf 
Bneivmatic  pans  or  tigers  constructed  by  Rillieux  on  Messrs.  Baa* 
jamip  and  rackwood's  plantation  having  completely  failed,  those 
gentlem^Uito  save  their  canes,  had  to  work  the  whole  of  their  crop 
mto  syrup,  whichj  afterwards,  was  manufactured  at  Mr.  Oxnard'a 
refinery*  I  hav«  there  seen  in  that  refinery  syrup  manufactured 
from  frosted  canes  by  Rillieux's  apparatus,  from  which  nothing 
could  be  made.;  other  syrup  coming  from  canes  less  deteriorated^ 
produced  sugar  resembling  common  wax,  while  all  the  syrup  ob- 
tained by  the  same  means,  previous  to  the  canes  being  frosted,  or 
before  the  juice  was  quite  altered  after  the  frost,  haa  prodaced  in 
the  same  year  and  at  the  same  refinery  sugar  of  the  very  first 
quality.  It  is  much  to  be  regretted  that  Mr.  McCuIloh  had  no 
opportunity  for  examining  the  phenomena  which  present  them- 
selves successively  during  the  process  of  the  fermentation  of  our 
Cane  juice.  I  have  seen  nowhere  clearly  explained  why  frosted 
cane  juice,  from  which  good  sugar  can  be  produced  for  several 
days,  even,  whi^  soutaess  is  quite  peceptible  to  the  taate,  ceases  to 
granulate,  sometimes  in  the  space  of  a  very  few  hours.  In  the 
paragra4>h  qaoted  above,  the  Professor  seems  to  intimate  that  acids 
of  different  kinds  may  be  generated  in  the  course  of  fermentatioD^ 
and  he  is  probably  right.  I  am  no  chemist,  but  I  have  learnt  from 
one  who  has  turned  much  of  his  attention  to  the  manufacture  of 
liouisiana  suglar^  that  whilst  there  are  acids,  such  as  the  hydro- 
chloric, the  lactic,  the  citric,  &c.,  which  prevent  granulation,  the 
acetic  acid  is  so  far  from  acting  against  it  that  some  oonfecticnera 
lae  vinegar  to  aid  the  crystallization  of  rock  candy." 
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.  Concerniag  l^e  U«t  8«Btence  of  ike  above  extract,  I  mayi  per- 
liapsi  be  permitted  to  lemarJc,  that  aoids  generally  injure  sugar  in 
9oIution,  by  convertiag  it  into  chylariose^  or  left  poIarisiDg  liquid 
Attgar}.  wfaich  cannot  be  crystallized.  Acetic  acid,  boweTer,  doeis 
^ot  pos^e^s  tbis  invertipg  povfrer;  or,  at  least,  it  acts  very  slowly 
i^nd  very  feebly,  if  at  aU.  Y^t  I  ao)  not  aware  that  it  ia  used  by 
the  confectionery  to  aid  crystallization,  which  I  consider  very  dou^bt- 
ful;  though  I  know  th^y  employ  it  to  retard  the  molecular  change^ 
whiqh  destroys  the  transparency  of  candy  or  barley  sugar.  M. 
P6ligot  states  that  both  lactic  ^qd  acetic  acids  exert  no  injiuriQnrt 
influence  upon  crystallizabre  suaar  ;  and  he  thence  concludes  that 
when  cane  juice  becomes  acid  oy  either  the  viscous  or  the  alco* 
holic  fermentation,  the  ficidity  is  not  acause  but  a  consequence  of  \,l\t 
transformation  which  the  sugar  qndergoes,  or  rather  has,,  already, 
in  pi^rt  uodergone*  According  to  H.  Rosei  a  celebrated  chemist 
of  (urermany,  the  presence  of  a  vegetable  acid  causes  alcoholic 
fermfantatipn  to  progress  morib  rapidly,  though  it  ia  not  the  fer* 
menting  agent;  cream  of  tartar  has  long  been  known  to.  operate  in 
a  similar  manner. 

Mr.  Yalcour  Aime  does  not,  in  my  opinion,  overate  thfe  im^oi^ 
tanoe  o£  tM  pbepom/ena  of  fermentation!  in  relation  to  tbe  can^ 
augar  industry.  It  must  be  admitted  that  little  or  nothing,  is 
known  aocurateSy  upon  the  subject  of  the  chemical  c|ianges  whiob 
eane  juice  suffers  under  various  circumstances.  Chemists  have  in* 
vestigated  carefully  the  transformations  of  pure  saccharine  solutions} 
and  the  JcnowJjedge  thus  obtained  may  be.  hypotketicaliy  applijed  to 
tbe  JAiioe  of  the  cane,  but  such  slight  iofluehces  operate  so  power* 
fully  upon  the  phenomena  of  fermentatioo;  and  different  ferments 
produce  suqh  different  results,  that  until  the  spontaneous  transfer* 
matioos  of  tbe  cane  and  its  juice  have  been  thoroughly  investigated| 
we  can  only  speculate  upon  the  subject. 

In  the  same  review,  from  which  I  have  made  the  foregoing  ex- 
tract, Mr.  Yalcour  Aime  does  me  the  honor  to  express  a  regret 
that  I  had  not  full  opportunity  of  becoming  acquainted  with  the 
sugar  industry  of  Louisiana,  so  that  I  might  have^Mone  to  the  old 
sugar  planters  of  the  country  that  justice  which  tbey  certainly 
would  have  obtained  from  him  (me)  if  he  had  known  more  about 
them."  I  have  elsewhere  (see  De  £ow's  review,  October  1848^ 
vol.  6,  page  364,)  stated  that  ^^if  in  anything  I  may  have  said  I 
have  done  injustice  to  the  planters  of  Louisiana,  individually  or 
collectively,  it  has  been  solely  from  want  of  information."  That 
declaration  I  now  repeat,  with  the  assurance  that  I  will  take  plea- 
sure in  correcting  any  errors  I  may  have  committed,  as  I  have  en- 
deavored to  do  in  this  reprint,  in  every  instance  of  which  I  was 
apprized  of  their  existence  by  the  criticisms  of  Mr.  Y.  Aime  and 
Others. 

It  is,  perhaps,  due  to  Mr.  Y.  Aime  that  I  should  here  insert  his 
account  of  his  own  contributions  to  the  industry  of  the  State; 
which  account  was  elicited  by  my  having  ascribed  to  Messrs.  Ben- 
jamin and  Packwood  'Hhe  merit  of  having  first  made  directly  from 
a  vegetable  juice  sugar  of  absolute  chemical  purity,  combined  with 
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pheTfection  of  crystal  and  color."  I  may  state  that,  in  1815,  tbe 
Fraoklin  Institute,  of  Pennsylvania,  awarded  a  medal  to  Jos.  S. 
Lovering  &  Co.,  for  obtaining  the  same  end,  (chemical  purityi 
with  perfection  of  crystal  and  color,)  upon  a  large  scale  in  refining 
sugar.  And  Mr.  V.  Aime  will,  doubtless,  concur  with  me  in  the 
opinion  that  Messrs.  Benjamin  and  Packwood  are  not  the  less  en- 
titled to  praise,  for  their  success,  by  reason  of  the  fact  that  he 
also  may  have  accomplished  the  same  result.  With  these  obsetTa- 
tions,  I  give  Mr.  Y.  Aime's  account,  and  I  do  so  with  the  greater 
pleasure  because  I  have  embodied  in  my  report  the  critical  remarks 
of  the  committee  of  the  Agricultural  and  Mechanics'  Association^ 
concerning  his  improvements,  and  because  it  also  contains  informa- 
tion which  is  both  interesting  and  valuable. 

He  says:  ^'I  am  so  far  from  being  disposed  to  detract  anythinf|r 
from  the  merit  of  Messrs.  Benjamin  and  Packwood,  that  I  would 
not  have  the  least  objection  to  their  being  represented  as  having 
originated  a  most  important  improvement  in  the  manufacture  of 
sugar,  if  the  old  planters  of  the  State  were  not  thereby  cast  rather 
too  much  in  the  shade.  The  stay  of  Mr.  McCulloh  in  the  State 
was,  as  I  observed  before,  so  very  short  that  he  had  no  time  to 
become  well  acquainted  with  the  former  situation  of  our  sugar  in- 
dustry, and  the  various  successful  steps  that  have  been  taken  to 
improve  it.  It  is  no  doubt  on  that  account  that  he  has  in  the  dif- 
ferent parts  of  his  report  alluded  somewhat  unfavorably  to  oar 
improvements." 

^^  It  is  not  of  late  years  only  that  white  sugars,  derived  from 
the  cane  juice,  have  been  made  with  more  or  less  success  in  Loui- 
siana. As  far  as  I  can  remember,  and  I  am  no  longer  a  young  man^ 
I  recollect  to  have  seen  white  clayed  sugar  made  on  many  of  our 
plantations,  for  home  consumption  at  least,  by  the  same  operation 
which,  in  Cuba,  is  carried  on  on  a  large  scale.  Another  grade  of 
sugar  was  made  about  eighteen  years  ago  by  Mr.  T.  Morgan,  who, 
as  the  report  correctly  states,  was  the  first  to  introduce  the  vacuum 
pan  in  this  country  for  the  evaporation  of  cane  juice.  A  few  years 
afterwards  he  obtained  by  liquoring  in  moulds,  without  the  use  of 
bag  filters,  good  white  sugar.  Neither  filters  nor  defecators  were 
employed  in  connexion  with  Rillieux's  apparatus,  when  Mr.  Pack- 
wood,  in  the  winter  of  1843-^4,  made  with  it  about  thirty  hogsheads 
of  sugar.  In  the  succeeding  season  defecators  and  bone  black  fil- 
ters having  been  added  to  the  same  apparatus,  prime  brown  sugar 
was  obtained,  without  any  refining  process,  on  the  same  estate. 
The  specimen  of  sugar  so  highly  eulogized  by  the  report  was  pro- 
duced in  the  winter  of  1846-"7,  on  Messrs.  Benjamin  and  Packwood's 
plantation,  by  using  Rillieux's  perfected  apparatus,  and  liquoring 
the  sugar  in  tigers." 

"Although  it  may  look  like  egotism  for  me  to  say  so,  yet  I  can- 
not avoid  remarking  that  since  1834  I  have  been  making  clarified, 
stamp,  and  loaf  sugar,  directly  from  a  vegetable  juice^  and  that 
since  1840,  when  I  first  used  bone  black  filters,  my  sugar  has  been 
at  least  equal  in  quality,  as  well  as  perfection  of  crystal  and  color. 
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to  that  manufactured  in  1846-%  by  Messrs.  Benjamin  and  Pack- 
wood." 

^^  As  it  may  not  be  uninteresting  to  be  informed  of  the  different 
trials  of  one  wiio  has  some  claim  to  be  considered  here  as  the 
pioneer  in  refining  sugar  from  the  cane  juice,  permit  me  to  state 
that)  after  having  attempted,  without  success,  some  expensive  ex- 
periments for  making  white  $ugar  in  1830,  I  tried,  in  connexion 
with  a  common  set  of  kettles,  in  1832,  the  bascule  pan,  and  in  1833 
the  serpentine  tub,  and  ascertained  that,  with  good  canes,  no  defi- 
nite advantage  can  be  derived  from  either.  In  1834  I  bought 
moulds,  procured  the  bag  filters  of  Taylor  to  filter  my  cane  juice 
when  boiled  in  the  common  kettles  to  30^  Baum6,  ordered  from 
London  one  of  Howard's  vacuum  pans,  from  the  old  makers,  Wil- 
liam Oaks  &  Son,  and  began  to  refine.  It  would  be  too  tedious  to 
detail  the  trouble  I  experienced  and  the  accidents  and  mistakes 
from  which  I  had  to  suffer  during  that  winter;  I  was  so  much  an- 
noyed that  I  would  certainly  have  given  up  my  experience,  at  least 
for  that  year,  if  my  sugar-house  had  not  been  so  altered  as  to  put 
it  out  of  my  power  to  proceed  by  the  common  method.  I  had  to 
refine  or  lose  my  canes.  The  final  result  was  upon  the  whole  satis- 
factory, and  I  not  only  got  through  my  crop  of  340,000  pounds,  bat 
bought  seme  inferior  sugars  from  the  neighborhood,  which  I  also 
refined.  I  obtained  12  cents  a  pound  for  my  loaf  sugar,  which  was 
o^f  course  inferior  to  what  I  make  now,  since  I  used  no  bone  black. 
From  1834  to  1839  inclusive,  every  one  of  my  erops  were  worked 
in  the  same  way,  with  the  only  difference  that  the  experience  ac- 
quired with  eyery  additional  year,  enabling  me  to  understand  better 
how  a  refinery  ought  to  be  conducted,  I  increased  mine  and  man- 
aged it  more  conveniently.  Having  heard  in  1840  of  the  filter 
Peyron,  represented  as  working  continuously,  and  without  renew- 
ing the  bone  black,  I  sent  my  boiler  to  Europe,  at  an  expense  of 
eight  or  nine  hundred  dollars,  to  examine  and  procure  it,  if  feund 
to  answer.  He  came  back  in  time  for  the  crop,  not  with  Peyron's 
filter,  however,  but  with  another  on  Dumont's  plan,  which  is  em- 
ployed in  England.  The  syrup  of  that  year  being  first  filtered  in 
the  bags  and  passed  afterwards  over  bone  black,  produced  sugar 
which  was  fully  worth  two  cents  more  than  that  I  had  previously 
made.  I  effected  no  other  important  change  in  my  refinery  until 
1845,  when  I  procured  Derosne's  apparatus,  with  some  modifica- 
tions in  the  pans  and  distributions.  On  account  of  the  air  pump 
having  been  made  too  weak,  I  could  manufacture  but  a  small  part 
of  the  crop  of  that  year,  but  in  the  succeeding  season  I  used  nothing 
else,  and  have  since  that  time  ceased  to  boil  my  syrup  in  open  ket- 
tles. I  find  that  I  make  by  that  means  still  better  sugars;  although, 
on  account  of  the  quantity-  now  produced,  not  only  in  this  State, 
but  in  the  north  and  west,  I  get  much  less  money  for  it." 

^^  In  the  year  1846,  Mr.  Lapice  put  up  one  of  Derosne's  appara- 
tus, which  was,  like  mine,  made  at  the  Novelty  Works,  New  York." 

<' The  main  difference  which  can  be  found  between  the  means 
employed  by  me  since  1840  for  refining,  and  those  Messrs.  Benja- 
min and  Packwood  used  in  1846,  consist  in  this:  that  those  gentle- 
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men  liquor  their  sugars  in  tigers,  while  I  do  so  in  moulds;  but  this 
difference  can,  of  course,  create  non6  either  in  the  quality  or  beauty 
of  the  sugars.  The  only  question  to  be  raised  between  the  two 
processes  is  one  of  economy  and  of  time;  in  this,  practical  men 
may  diffier.  In  1845,  after  examining,  in  company  with  Mr.  La- 
pice,  tigers  on  the  plan  of  those  since  constructed  by  Messrs.  Ben- 
jamin and  Packwood,  which  we  found  in  the  refioery  of  Mr. 
Adams,  near  Matanzas,  in  Cuf)a,  I  determined  to  keep  to  my  moulds, 
and  Mr.  Lapice  came  to  a  different  conclusion..  He  had  tigers 
made,  which  worked  well  in  1846,  and  he  has  used  them  success- 
fully erer  since.  They  can  undoubtedly  be  considered  as  a  valua- 
ble improrement,  which  may  be  rendered  as  profitable  here  as  it 
has  been  for  a  great  many  years  in  the  West  India  islands.  Su- 
gars may,  by  that  means,  be  sooner  prepared  for  market,  and  on 
that  acc6unt  those  who  haye  to  put  up  new  establishments  for  re- 
fining ought  probably  to  adopt  tigers  in  preference  to  moulds;  but 
1  do  not  think  that  the  advantage  to  be  derived  from  them  is  suffi- 
ciently great  to  induce  those  who  are  already  provided  with 
moulds  to  give  them  up.'' 


NOTiB  a. 


On  tMe   chemical    comp^iiti^in   af  tht   caict^Bous  stiiiment  tokiih 
forms  in  tht  ^vaforafing  poAs.. 

In  the  first  edition  of  my  report,  at  ps^e.  69,  I  saM  of  tbe  oalca- 
reous  deposite,  or  sediment,  which  forms  upon  the  bott4>tt8  of  the 
sugar  pans — 

''This  deposiU  h^s  been  analyzed  by  M«  Avequin  in  New  Or- 
leans, with  the  following  results:, 

Sub-phosphate  of  lime •••••• 92.5 

Carbonate  of  lime • •  ••••  1.4 

Silica ••••«, • • 4.7 

Phosphate  of  copper •  • 1.4 

100.0 

^^Mr.  Reynolds  obtained  somewhat  similar  results  from  a  speci- 
men procured  by  me  from  the  battery  kettle  upon  the  Saratoga 
sugar  estate  of  Drake,  Brothers,  &  Co.,  in  the  island  of  Cuba;  the 
analysis  of  which  was  as  follows: 

Organic  matter  and  water •  ••••••  •••.••  ••••  64.72 

Sub-phosphate  of  lime ••••••  •••• ••  ••••••,  11. 90 

Carbonate  of  lime 33.25 

Silica 4...  0.13 

Oxide  of  iron •  •  • « • • • trace 

100.00 
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Both  of  these  analyses  are  erroneous.  The  first  was  correctly 
copied  from  M.  Dumas^s  Treatise  on  Chemistry  Applied  to  the  Arts, 
▼01.  6,  page  220,  but  does  not  correspond  with  that  given  by  M. 
Avequin  in  his  original  memoir,  contained  in  the  Journal  de  rhar- 
macie,  vol.  27,  page  15,  in  which  it  is  stated  that  1,000  grammes, 
by  combustioa  in  a  Hessian  crucible  for  24  hours,  left  a  residue  of 
492  grammes,  and  had,  therefore,  lost  50.8  per  ceat.  of  organic 
matter.  M,  Avequin  did  not  determine  the  quantity  of  carbonic 
acid  which  this  residue  contained,  and  which  he  says  escaped  with 
effervescence  when  he  undertook  to  dissolve  100  grammes  thereof . 
in  nitric  acid.  It  must  have  been  considerable;  and  his  whole  ex* 
amination  is,  as  M.  P6Iigot  has  stated,*  very  imperfect  and  unsatis* 
factory. 

Believing  the  large  proportion  af  sub-phosphate  of  lime  given 
by  M.  Avequin  (92.5  per  cent,  of  the  residual  492  grammes)  to  be 
very  improbable,  and  doubting  thie  correctness  of  even  the  11.9 
per  cent,  of  Mr.  Reynolds's  results,  I  was  induced  to  inquire  of  the 
latter  gentlenrsra  whether  hie*  was  certain  of  its  accuracy.  In  reply 
be  informed  metbat  he'  bad  not  preserved  the  Ofi'gitial  memoran- 
dum of  his  work,  and*  that  iitr  could  not,  aftet  so  long  a  time,  speak 
with  certainty  concerning  its  details;  also  that  he  did  not  place 
entire  coiifidence  in  them,  because  hie  remembered  that  the  analy- 
sis was -made'-bastily.  He  kindly  offered,  at  the  same  time,  to 
repeat  Ms  eicamination  of  the  substance,  (of  which  I  still  possess  a 
considerable  quantity,)  and  the  following  is  his  account  of  its 
analysis: 

^^  PHiLA]>si.raiA,  Bicemher  4,  1848. 

^^  DsAE  SitLi  The  following  are  the  results  of  the  analysis  of  the 
calcareous  sediment,  which  was  formerly  examined  by  me,  as  I 
now  find,  not  very  accurately: 

Organic  matter •«••••«• ••..••  69.16 

Lime... ; 19.68 

Magnesia • •  •*'•• •••«..  4 .  66 

Phosphoric  acid  ,•••••••'•*••« 1.53 

Iron  anil  alumina. •••  •• 1.00 

Carbonic  acid •••4 «•.••... • 0.95 

Silica .•... 0.18 

LosB,  fco ^ • 2.90 

109.00 

^'The  large  proportion  of  carbonate  of  lime  i^iven  in  my  former 
analysis  is  a  mistake,  which  ^rnse  from  the  incineration  to  drive 
off  organic  matter.  The  phosphates  served  to  give,  with  tests,  the 
reactions  indicative  of  the  presence  of  phosphoric  acid,  but  the  ex- 
cessive proportion  of  phosphate  of  lime  then  obtained  was  due  to 
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the  use  of  a  less  perfect  method  of  separation,  and  also  to  a  less 
thorough  examination  than  I  have  at  present  employed.  I  was  at 
the  time  very  much  occupied  with  other  matters,  and  obliged  to 
work  hastily.  These  were  also  the  causes  of  my  failure  at  first  to 
detect  the  presence  of  manganese  and  alumina. 
"Yours,  truly, 

«J.  B.  REYNOLDS." 
«  Professor  R.  S.  McCulloh." 

To  check  Mr.  Reynolds's  examination  I  gave  a  portion  of  the 
same  substance  to  Professor  J.  C.  Booth,  an  accomplished  chemist, 
and  requested  him  also  to  make  an  analysis  of  it.  The  following 
are  his  results: 

"  Philadelphia,  December  7,  1848. 

"  My  dear  friend:  The  incrustation  you  handed  to  me  for  analy- 
sis contains —  • 

Organic  matter  and  water •• 68.19 

Lime 21.71 

Magnesia • ••*  •• 3.65 

Phosphate  of  iron,  alumina,  &c.  .••• 3.80 

Insoluble  matter,  silex •••••• 0.11 

Carbonic  a^id • .••  0.60 

98.06 

<<  A  very  small  portion  of  lime,  say  0.6,  is  combined  with  car- 
bonic acid.  The  remainder,  together  with  the  magnesia,  it  united 
with  organic  matter,  the  nature  of  which  was  not  investigated. 
The  phosphates  of  iron,  alumina,  and  lime  were  so  small  in  quan- 
tity (the  acid  forming  a  small  part  of  the  3«8)  that  it  was  not 
thought  worth  separating. 

.    .         "  With  esteem^ 

«  JAS.  C.  BOOTH. 

"Pxofesso;  R,  S.  MpCuj^lob,  ... 

.^^  United  Statei  Mint Jl  ... 
I  •     •    • 

Hence  it  foUo.ws  from  the^e  analyses,  which,  differ  bat  slightly, 
that  the  calcareous  sediment  is  comjiosed  chiefly  of  organic  matter 
and  lime^  ai^d  that  M.  Avequin's  hypothesis,  that  lime  acts  in  the 
defecalioa  of  cane  juice  by  forming  an  insoluble  phosphate  of  lime, 
is  not  sustained. 


NOTE  H. 

On  evaporation  in  vacuo. 

Several  important  enterprises  which  were  in  progress,  or  con- 
templation only,  when  my  report  on  th«  manafaotur^  of  sugar  wa# 
written,  two  years  ago,  have  since  been  fully  and  fairly  tested.  _^ 
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The  apparatus  of  D6|(rand  and  Derosne  has  been  successfully 
employed  by  Messrs.  Yalcour  Aime  and  Lapice  for  making  pure 
"white  sugar,  similar  to  that  manufaetured  with  Rillieux's  appara- 
tus, directly  from  the  cane  juice  of  Louisiana.  And  many  planters 
have  adopted  the  practice  of  evaporating  in  vacuo,  who  formerly 
used  open  pans,  heated  either  directly  by  fire  or  by  steam. 

Much  valuable  practical  knowledge  has  thus  been  acquired  and 
placed  within  tbe  reach  of  every  planter  of  that  State,  in  the  form 
-which  is  ever  the  most  desirable,  as  the  authentic  results  of  actual 
and  sufficient  working.  And  those  who  may  now  wish  to  avail 
themselves  of  modern  improvements  will  find  a  careful  examina* 
tion  ot  the  different  methods  in  use,  made  by  themselves,  upon  the 
spot,  far  more  instructive  than  anything  which  could  be  written 
elsewhere. 

By  the  entire  results  of  the  enterprises  in  operation,  the  compa- 
rative merits  of  the  rival  systems  of  Derosne  and  Rillieux  must 
shortly  be  decided  in  the  most  complete  and  satisfactory  manner. 
But  until  that  decision  shall  have  been  definitively  pronounced, 
each  of  these  rival  systems  will,  doubtless,  have  advocates  for  its 
adoption,  in  those  who  may  be  interested  in  its  sale,  or  who  have 
been  induced  to  extend  to  it  their  favor  and  patronage. 

For  my  own  part,  though  charged  by  some  with  disparaging  the 
yalue  of  Derosne's  apparatus,  and  unduly  extolling  that  of  Rillieux, 
and  by  Mr..  Rillieux,  himself,  censured  (chiefly  by  reason  of  some 
inaccuracies  which  occurred  through  inadvertency  in  my  report,) 
for  having  unjustly  attributed  to  Derosne  that  which  he  claims  to 
be  due  to  him  alone;  I  have  sought,  and  shall  seek  only  th^  truth. 
A  stranger  to  all  interest  in  this  matter,  I  venture  to  express, 
-without  prejudice  or  partiality,  such  opinions  only  as  appear  to 
me  indicative  of  the  probable  result,  and  worthy  of  credit,  because 
tbey  are  based  upon  firmly  established  scientific  principles;  and  I  cite 
as  incontrovertible  authority  only  the  statements  of  those  who  tes- 
tify, from  personal  knowledge,  and  apparently  without  interested 
motives,  concerning  facts  already  established.  Thus  I  hope  at 
least  to  avoid  leading  the  planters  into  error,  even  if  I  fail  to  aid 
them  in  searching  for  complete  and  certain  information. 

In  De  Bow's  Review  for  March,  1848,  vol.  v.,  page  262,  Mr. 
Yalcour  Aime  says:  ^'With  one  of  Derosne's  or  Rillieux's  appara- 
tus, the  Louisiana  planter,  instead  of  getting  from  three  to  four 
cents  for  his  brown  sugar,  may  get  for  it  five  or  six;  for,  vrhen  I 
say  that  I  obtain,  on  an  average,  eight  cents  for  my  white  sugar, 
it  must  not  be  understood  that  I  can  make  by  means  of  the  appa- 
ratus as  many  pounds  of  white  sugar  as  by  the  usual  process  could 
be  extracted  in  brown  sugar  from  the  same  cane  juice;  the  ^ield  of 
white  sugar  is  of  course  smaller,  but  the  increase  in  price  is  more 
than  a  compensation  for  the  diminution  in  the  quantity.  In  other 
words,  the  same  cane  juice  which,  bv  the  usual  process,  would 
yield  a  hundred  thousand  pounds  of  brown  sugar,  which,  at  four 
cents,  would  produce  four  thousand  dollars,  will,  by  means  of  the 
apparatus,  give  white  sugar  of  dififerent  grades, for  which  from  five 
to  six  thousand  dollars  may  be  obtained.   This  is  certainly  a  hand* 
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some  compensation  for  the  adidfitionml  trouble  and  the  additional 
investment.  It  must,  however,  be  understood  as  applying  only  to 
a  well  managed  apparatus;  for  we  had  instances,  during  the  last 
season,  of  planters  doing  worse  with  the  new  improvements  than 
with  what  Mr.  McCulloh  calls  the  old  and  fauky  method."  Also, 
in  a  communication  to  the  Agriculturists  and  Mechanics'  Afrsocia** 
tion,  by  the  same  gentleman,  which  was  published  in  De  Bow's 
Review,  vol.  iv.,  page  424,  and  which  accompanied  some  tpeci« 
mens  of  sugar  sent  for  exhibition  at  their  annual  fair,  he  says: 

^^  These  products  have  been  obtained  by  meansof  the  apparatus  of 
Berosne  and  Cail',  made  by  Messrs.  Stillman,  Allen  &  Co.,  of  New 
York,  with  same  modifications  of  the  plan  first  adopted  by  the  in- 
ventor. These  modifications  consist  principally  in  some  changes 
in  the  distributors,  in  the  form  of  the  vacuum  kettles,  and  aboveail^ 
in  the  sirtfigtk  of  tht  air  pump^V 

^^  This  apparatus  was  received  at  the  plantation  of  Mr.  Yalcoar 
Aime,  in  1845,  too  late  to  be  put  into  operation  for  the  taking  off 
the  preceding  crop.  The  air  pumpy  a9  first  madtj  was  too  weakj 
<tnd  it  was  found  necessary  to  make  another,'*^ 

^^  The  Agricultural  and  Mechanics'  Association  has  been  incor- 
rectly informed  by  those  who  induced  the  society  to  publish,  in  the 
annual  report  of  1846,  that  the  first  cost  of  the  apparatus  amounted 
to  $22,000,  and  that  the  contract  for  the  modifications  to  be  added 
would  amount  to  $8,000.  The  apparatus,  as  it  at  present  stands, 
cost  $24,000.  By  it  eighteen  hogsheads  can  be  made  in  24  hours, 
and    the   whole  of  his   last  erop  has  been  manufactured   in  this 


manner." 


^* Being  neither  a  speculator  nor  a  manufacturer  of  machines, 
Mr.  Yalcour  Aime  does  not  persuade  any  one  that  the  apparatus  he 
has  adopted  is  the  best  that  can  be  made.  'His  only  wish  is  that, 
by  exhibiting  these  specimens  to  the  inspection  of  the  sugar 
planters,  they  may  be  enabled  to  compare  them  with  those  made 
by  other  processes,  and  thereby  auf^ment  the  amount  of  knowledge 
among  the  producing  classes.  These  specim'ens  have  not  been  es- 
pecially prepared  for  the  fair.  Hie  has  chosen  them,  as  far  as  pos- 
sible, with  a  view  to  give  an  ide^  of  hisarei'age  crop." 

^^He- abstains  from  furnTShing  any  comparative  tables  to  show 
the  number  of  thousands  of  dollars'that  can  be  gaitaed  on  a  crop  by 
making  use  of  this  apparatus^  ami  he  ^dvisefei  the  society  not  to 
glraUt  the  sandtion  of  its  name  to  any  tables  tff  this  kind,  but  after 
thte  most  severe  and  minute  examination-.  Experience  has  demoti- 
strated  that  these  tables  -cannot  be  depended  on,  unless  they  are 
the  results  of  conscientious  anddisiilterested  trials,  repeated  during 
several  years;  He  wifll  merely  state  that  he  believes  he  has  a  know- 
ledge of  all  the  machines  which  have  been  erected  in  Louisiana  for 
several  years,  past,  for  the  purpose  of  improving  the  manufacture 
of  sugar,  and  he  thinks  the  results  obtained  by  the  apparatus  that 
h-e  has  bad  erected  are  at  least  equal  to  any  other,  and  that  the 
planters  who  can  afford  the  expense  would  be  gainers  by  erecting 
similar  ones.  He  believes  that  the  economy  in  fdel,  and  the  in- 
creased price  of   the  products,  will  justify  the  expense,  iratwitli- 
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-standing  its  being  very  great.  He  is,  however,  convinced  tliat  the 
disbarsements  can  be  covei'ed  by  the  difference  in  the  price  of  the 
first  or  of  the  second  crop." 

<^Mr.  YaTcour  Aime  thinks  it  his  duty  to  add,  that  the  appahratus 
of  Rillieux,  which  he  constructed  on  the  same  principles  as  that  of 
Derosne  and  Cail,  will,  in  his  opinion,  produce  the  same  results. 
The  expense  of  putting  up  either  is  about  the  same.'' 

^*The  Agricultural  and  Mechanics'  Association  has  certainly  been 
led  into  error,  in  stating  in  the  report  of  last  year  that  the  negroes 
employed  on  a  plantation  can  conduct  these  machines  without  the 
assistance  of  a  sugar  maker^  and  that  the  planters  inthe  ho'rtliern 
parishes  of  the  State  may,  in  using  them,  obtain^/ic  sugar  from 
the  sour  juice  of  frozen  canes.  Such  an  error  might  occasion  great 
loss  to  be  sustained  by  many  planters.  The  apparatus  of  Rlllfeux, 
as  well  as  that  of  Derosne  aud  Cail,  is  too  complicated  to  be  en- 
trusted to  negroes  without  the  active  superintendence  of '  an  expe- 
rienced sugar  maker;  and  a  more  thorough  examination  will  coa- 
Tince  the  society  that,  when  cane  juice  is  really  sour,  it  is  impos- 
sible to  make  good  sugkr  either  with  the  one  or  the  other 
apparatus." 

Ag^in,  in  volume  4,  page  383,  of  the  same  periodical,  Mr;  Val- 
cour  Aime  adds:  ^H  repeat  my  statement  to  the  agricultural  So- 
ciety, that  every  planter,  with  sufficient  means,  who  feels  that  be 
cii'n  give  to  the  apparatus  of  Derosn^  or  Rillieux  the  close  Atten- 
tion tehi'ch  they  require,  will  find  it  to  his  advantage  to  bkve  o&e 
put  up.  His  additional  trouble  and  expenses  will  be  fuTly  com- 
pensated by  the  economy  in  fuel,  in  the  quality  of  his  sugar,  and 
m  the  angmentation  of  the  quantity  produced,  which  can,  I  think, 
%e  fairly  valued  at  almost  16  per  cent.,  as  far  as  I  can  judg(e  fr6iia 
Ddy  own  experience." 

In  an  unpublished  letter  of  August  17,  1818,  addressed  to  a  tnu- 
iual  friend',  Mr.  LApice,  of  St.  JaAnes,  informs  me  th'at  the  DeVo^ft'e 
apparatus  ^pon  his  estate  was  ''not  completed  last  year  (n  the 
«mall  details,  so  important  to  its  working  with  that  economy  an;d 
regulatity  which  is  to  be  expected  of  it,  Although  the  result  iods 
satisfactory.^^  He  speaks  in  terms  of  high  praise  of  it,  as  "pi's- 
sessing  great  advantages  over  all  other  improvements  for  m^kftfg 
sugar  out  of  cane  juice,  as  well  as  for  refining,"  and  sajrs  that  he 
has  '^made  impoitant  modifications,  such  as  disconnecting  entirely 
the  concenlfrating  of  syrups  from  the  granulating,  usi'n'g  DeroSi)e's 
method  for  evaporation,  (that  is,  using  all  the  latent  heat  contained 
in  the  steam,  which  is  the  only  way  to  economise  fuel,)  and  finisrh- 
ing  or  granulating  in  a  Howard  pan." 

Mr.  Lapice  ^Iso  did  me  the  honor  to  promise  that,  if  I  could 
wiit  until  January,  he  Vrould  furnish  for  this  edition  of  my  reports 
**iin  account  of  the  taking  off  of  the  next  crop,  such  as  has  never 
been  made  exactly;  showing  the  consumption  of  fuel;  the  quan- 
tity and  quality  of  sugar  made  with  each  density  of  the  cane  juice; 
the  difference  between  the  new  apparatus  and  the  kettles;  the 
quantity  of  sugar  that  can  be  refined  after  taking  off  the  crop;  the 
difference  in  economy  of  manual  labor  and  time  required  to  purge 
40 
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the  sugar  and  get  it  ready  for  market|  by  working  tigers  on  a  large 
scale,  so  as  to  suit  our  country,"  &C.9  ka.  He  also  says,  that  he 
<^will  have  the  apparatus  complete  and  in  full  operation  this  sea- 
son,'' and  liberally  offers  the  fruits  of  his  knowledge  and  experi- 
ence to  others. 

I  regret  exceedingly  that  I  have  no  power  to  delay  the  printiag 
and  publication  of  this  document  for  a  sufficient  length  of  time  lo 
enable  me  to  avail  myself  of  Mr.  Lapice's  offer.  Such  a  detailed 
statement  as  he  describes  would  be  of  great  value  to  the  sugar  ia- 
dustry,  containing,  as  it  would,  many  well  observed  and  authenti- 
cated facts;  and,  if  Mr.  Lapice  will  yet  furnish  it,  I  will  either 
communicate  it  to  the  public,  with  such  accompanying  remarks  as 
may  seem  appropriate,  through  the  medium  of  De  Bow's  Review^ 
or  make  of  it  the  subject  of  a  supplementary  report. 

In  an  article  by  J.  P.  Benjamin,  esq.,  on  the  sugar  industry  of 
Louisiana,  written  for  and  published  in  De  Bow's  Review,  vol.  2^ 
page  322,  (which  I  regret  not  to  have  seen  when  it  first  appeared, 
and  before  the  publication  of  my  third  report,)  after  describing 
both  the  old  and  the  new  method  of  manufacture,  he  says: 

^^Such  are  the  outlines  of  the  system  introduced  into  the  manu- 
facture of  sugar  by  Messrs.  Degrand,  and  Derosne  and  Cail,  and 
before  treating  of  the  reasons  why  the  concentration  to  the  granu- 
lating point,  when  effected  in  the  vacuum  pan,  is  a  vast  improve- 
ment over  boiling  in  the  open  air,  it  will  be  convenient  in  this  con- 
nexion to  point  out  in  what  respect  the  apparatus  of  Mr.  Rillieux 
differs  from  that  of  Derosne  and  Cail,  and  to  compare  the  advan- 
•  tages  of  the  two  systems.  In  the  {lillieux  apparatus  the  defeca- 
tors, the  filters,  and  the  vacuum  pan  for  granulating  the  sugar, 
after  the  concentration  of  the  syrup  to  twenty- eight  degrees,  are 
all  borrowed  from  the  Derosne  and  Cail  apparatus.  There  may  be 
some  difference  in  mechanical  details,  but  the  principle  and  man- 
ner of  working  are  substantially  identical.  But  to  Mr.  Rillieux  is 
justly  due  the  credit  of  a  very  ingenious  and  admirably  efficacious 
mode  of  evaporating  the  juice  and  supplying  the  caloric  necessary 
for  the  granulating  pan  with  very  great  economy  of  fuel.  In  cane 
juice,  at  nine  degrees  of*  density,  there  are  83 J  per  cent,  of  water, 
and  at  28  degrees  there  are  but  48J  per  cent,  of  water.  In  order, 
therefore,  to  concentrate  the  juice  from  9  to  28  degrees,  it  is  ne- 
cessary to  evaporate  from  the  juice  35  per  cent,  of  the  water. 
Mr.  Rillieux  conceived  the  happy  idea  of  making  use  of  the  steam 
that  is  evaporated  from  the  juice  itself  in  order  to  boil  his  pans, 
and  the  planter  who  is  accustomed  to  see  the  enormous  quantity  of 
vapor  that  is  carried  off  into  the  air  through  his  steam  chimney 
when  he  boils  in  the  open  kettles,  can  form  some  idea  of  the  very 
great  economy  of  fuel  that  must  necessarily  result  from  making 
this  quantity  of  steam  subservient  to  his  use  during  the  grinding 
season.  Mr.  Rillieux's  apparatus  effects  this  object.  It  consists, 
when  made  on  a  scale  sufficiently  large  to  make  from  twenty  to 
twenty-five  hogsheads  of  sugar  per  day,  of  four  pans,  all  construct- 
ed so  as  to  afford  a  vacuum.  But  the  vacuum  in  the  two  first  pans 
is  not  nearly  as  perfect  as  in  the  two  last.     The  operation  is  con- 
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ducted  thus:  The  cane  juice,  after  haring  been  once  filtered|  is  in- 
troduced into  the  first  pan^  and  this  pan  is  boiled  by  the  exhaaart 
steam  from  the  cylinder  which  works  the  mill,  thus  avoiding  th« 
necessity  of  abstracting  any  steam  directly  from  the  boilers.  This 
first  pan  is  so  constructed  that  the  steam  which  arises  from  the 
juice  as  it  boils  is  conducted  into  the  pipes  that  heat  the  second 
and  fourth  pajis.  In  the  first  pan  the  quantity  of  steam  that  arises 
is  quite  sufficient  for  this  purpose;  but  if,  at  any  time,  it  be  found 
that  the  fourth  pan,  in  which  the  sugar  is  granulated,  is  not  sup- 
plied with  a  sufficiency  of  steam  from  the  first,  a  communication 
can  be  opened  to  the  exhaust  steam  from  the  engine,  which  sop- 
plies  any  deficiency,  and  enables  the  sugar  maker  to  bring  his  bat- 
tery to  the  striking  point  as  rapidly  as  he  may  desire.  The  juice 
is  brought  up  to  fifteen  or  sixteen  degrees  in  the. first  two  pans,  and 
the  steam  from  the  second  pan  is  made  to  boil  the  third,  in  which 
the  syrap  is  concentrated,  to  twenty-eight  degrees,  when  it  is  passed 
through  the  filters,  and  then  conducted  to  the  last  pan,  in  which  it 
is  granulated. 

^*I  consider  the  Rillieux  plan  of  eyaporation^  decidedly  superi^ 
to  that  of  Messrs.  Derosne  and  Gail  in  several  important  partictT- 
lars:  1st.  The  juice  is  evaporated  in  a  close  pan,  and  is  exoludel 
from  atmospheric  action;  whereas^  in  the  Derosne  and  Gail  appa<^ 
ratus  it  is  exposed  to  the  open  air  in  a  state  of  minute  IsubHivisiok 
as  it  falls  in  a  cascade  over  the  frame  of  pipes  which  form  thte 
condenser.  2d.  It  is  much  less  liable  to  derangement  than  the 
frame  of  pipes,  which  frequently  gives  great  trouble,  and  whichd 
unless  in  perfect  order,  injures  the  juice  by  deepening  its  color 
whenever  it  remains  on  any  part  of  the  heated  pipe  long  enough  t^ 
be  burnt.  3d.  It  economises  the  steam  which  is  created  by  evapo^ 
rating  the  case  juice,  and  which,  in  the  Derosoe  and  Gail  appar^ 
tus,  passes  off  into  the  open  air  through  a  steam  chimney.  AgatnA 
all  these  advantages  the  Derosne  and  Gail  offers  but  one  whici 
may  be  of  value  in  the  West  Indies,  on  certain  estates,  but  which 
is  of  no  moment  in  Louisiana,  that  is,  an  economy  of  cold  water. 

^^  I  give  here  the  conclusion  to  which  I  have  arrived,  after  as 
careful  and  impartial  an  examination  of  the  two  systems  as  I  ait 
capable  of;  hut  if  I  am  mistaken,  the  experience  of  the  present 
winter  will  afford  ample  means  of  correcting  the  error.  The  appa- 
ratus of  Mr.  Rillieux  has  been  erected  in  its  largest  size,  and  it 
connexion  with  a  refinery,  on  the  plantation  of  Mr.  J.  B.  Armantji 
of  St.  James  parish;  and  Mr.  P.  M.  Lapice,  of  the  same  pari^, 
has  erected  a  magnificent  sugar  house  and  refinery  on  the  largest 
scale,  with  the  apparatus  of  Derosne  and  Gail  in  its  most  approved 
form.  I  have  every  confidence  that  both  these  enterprising  gentle- 
men will  reap  a  rich  return  for  their  heavy  investments  in  these  im- 
provements, and  their  experience  will  decide  the  question  of  supe- 
riority in  point  of  efficacy  and  economy  between  the  two  systems. 
The  only  question  will  be  one  of  degree,  for  that  both  will  succeed 
is  beyond  a  doubt. 

^^The  sole  remaining  subject  which  it  is  my  intention  to  ex- 
amine, is  the  difference  between  the  system  of  boiling  in  the  opett 


[3)1 


638 


air  and  in  tHe  yacuam  pan,  as  rtgardB  the  quantity  and  quaKty  of 
the  sugar  produced.     To  place  this  matter  in  its  clearest  light,  it 
is  neeesisary  to  state  certain  conelusion^  which  are  the  result  of  the 
.researches  aiid  experitnents  of  eminent  chemists,  who  have  devoted 
•their  tijne  and   labor  to  this  subject.     I  have   already   mentioned 
that  there  rs  naturally  no  molasses  in  the  sugar  cane,  and  that  all 
Ihe  molasses  which  isiproduced  in  our  sug^ir  bouses  is  the  result  of 
imperfect  n^anufacture.     It  is  not  hence  to  be  inferred,  however, 
■th&t  it  would  be  possible  to  manufacture  the  sugar  entirely  w'ithi^ut 
a  residue  of  syrup  or  molasses.     A  syrup  at  46^  density  contains 
SS-pei  cent,  of  sugar,  and  17  per  cent<.  of  water,  but  if  this  syrup 
be  aJlowed  ^o  cool,  in  order  to   crystalice,  it  will  part  with  only 
50  .jj^er  d^nt.  of  sugar  in  crystals,  and  the  rempiining  83  per  cent,  of 
'sugar  will  be  mixed   with  the  17  per  cent,  of  water;  the  two  to- 
rget her  forming  what  is  called  tbe  mother  liquor,  or  mother  of  crys- 
tals.    If  this  mother  liquor,  which  now  contains  one  third  of  wa- 
ter be  again  boribed,  so  as  to  concentrate  it  to  45^,  and  again  allowed 
to  cool,  the  proportion  of  crystals  will  again  be  the  same,  and  ttiere 
will. remain  amiother  liquor  which   it  will  be  necessary  to  reboil, 
«o  that,  the  process  might  be  continued  indefinitely,  and  there  would 
BtiU  remain  a  sweet  liquid   containing  a  part  of  the  sugar.     How- 
ever perfect  the  systefii  of  manufacture,  therefore,  a  residue  of  mo- 
lasses or  syrup  will  always  be  obtained,  and  the  great  aim  in  this 
man.ulabture  must  therefore  be^  to  reduce  this  residue  as  far  as  pos- 
sible) or  in  other   words  to  elctract  from  the  jhice  as  much  crys- 
talised  sugar  as  possible,  that   being  the  most  Taluable  product. 
Now  it  has  been  found  that  a  high  tetmperaiure  and  Iwig  exposure 
to  heat  %xe  the  Iwo^gieatest  obstacles  to  the  crystalization  of  sugar; 
that  in  proportion  a^  the  teimperature  is  increased  the  quantity  of 
crystals  will  diminish,  am d  funrtlier,  that  in  proportion  to  the  length 
of  time  that  heit  is.  lupplied,  will  the  crystalizing  power  diminish. 
Repeated  expcrimta^ts   haVie  placed   these  two  principles   beyon'd 
^iiestion.     Those  who  are  curious  on  this  subject,  will  find  a  Tery 
interesjting  paper  in  the  seventh  volume  of  the  journal  of  the  Frank- 
lin Institute,   translated    from    Hoohstetter,   an    eminent    German 
chemist,  a^d    coaiaining  a    series  of  experiments  made  on  sugar 
with  great  care.     It  results  from  these  experi?ments:  1st,  thit  ac- 
cess of  atmospheric  air   is   not  only  a  condition  necessary  to  pro- 
duce vinous  fermentation,  but  also  to  effect  the  mucous  fermenta- 
tion in  the  exipressed  juice  of  the  sugar  cane,  and  that  when  the  air 
is  excluded  no  change  takes  place^  2d,  that  a  pure  solution  of  su- 
gar is  changed  through  the  influence  of  atmospheric  air  at  a  com- 
mon temperature,  and  the  more  ireadily  the  more  numerous  the  sur- 
faces  are  which  bring  them  into  contact,  and  that  this  process  is 
considerably  heightened  when  the  solution  of  sugar  contains  nitro- 
genous substances,  as  in  the  juice  of  the  sugar  cane.     This  is  an 
important  objection  to  the  condenser  of  the  Derosne  and  Call  ap- 
paratus^ 3d,  that  heat  is  one  of  the  most  injurious  agents   during 
the  process  of  manufacture. 

"  A  simple  application  of  ihcse  principles  will  show  the  vast  su- 
periority in  the  manufacture  by  the  vacuum  pan.     In  the  open  ket* 
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ties  the  syrup  is  brought  up  to  a  temperature  of  235^  at  least, 
before  it  is  at  the  proper  point  for  orystallizing.  In  the  vacuum 
pan  the  temperature  is  only  160^.  In  the  open  kettles  the  juicei 
from  its  first  leaving  the  mill  till  it  is  concentrated  in  the  battery, 
is  constantly  exposed  to  the  aotion  of  the  atmosphere.  In  the 
Ritiieux  apparatus  it  is  almost  constantly  excluded  from  thin  influ- 
enee.  Finally,  when  the  sugar  is  made  in  the  vacuum  pan  the 
simple  turning  of  the  steam-cock  shuts  off  the  heat  at  the  instant 
the  granulating  point  is  obtained,  and  the  whole  contents  of  the 
pan  are  then  discharged  in  a  homogenous  state.  In  the  open  bat- 
tery it  is  not  possible  to  stop  the  fire  when  the  proper  point  is  at- 
tallied, and^ during  thewhole  time  that  the  sugar  boiler  is  occupied 
in  discharging  the  battery,  the  syrpp  is  becoming  more  and  more 
heated,  that  which  is  on  the  edges  of  the  surface  next  to  the  metal 
becomes  burnt  or  caramelized,  and  is  not  only  lost|  but  imparts  a 
deeper  color  to  the  rest  of  the  syrup,  and  also  aids  largely  in  form- 
ing  molasses,  by  preventing  crystallization  in  that  part  of  the 
syrup  with  which  it  becomes  mixed.'' 

"  The  effect  of  the  high  temperature  required  in  the  open  bat- 
tery is  such  that  it  is  almost  impossible  to  reboil  the  morlassea 
which  drains  from  the  suear,  so  as  to  obtain  a  second  crystallized 
product  in  the  manner  above  explained.  As  this  molasses,  when 
again  put  into  the  battery,  would  require  to  be  a  second  time  ex*- 
posed  to  a  temperature  of  235^  or  240^,  the  aotion  of  this  extreme 
hea^  is  such  as  to  render  the  whole  mass  totally  uncrystalMzable; 
but  in  the  vacuum  pan  the  reboilingof  the  syrups  which  drain  from 
the  first  sugars  is  a  regular  p}«rt  of  the  daily  work;  and  this  re- 
boiling  has  been  effected  three  times,  with  successful  results  of 
crystallized  sugar  each  time.  But  the  advantages  of  the  vacuum 
pan  do  not  end  here;  for  it  is  an  easy  and  simple  matter,  in  using 
these  pans,  to  give  to  the  crystal  or  gxain  of  the  sunr  any  size  re- 
quired by  the  caprice  ol  the  consumer.  Large  and.  brilliant  crys* 
talsy  resembling  sugar  candy  rather  than  the  sugar  of  commerce, 
can  be  obtained  at  will.  The  whole  process  is  under  the  complete 
control  of  the  manufacturer.  The  sugar  may  be  made  light  and 
porous,  or  compact  and  heavy.  None  of  this  control  is  possible 
with  an  open  fire,  of  which  it  is  impracticable  to.reg;«late  the  heat 
at  will.'* 

<<It  may  not  be  uninteresting,  in  conclusion,  to  make  some  cal« 
culation  of  the  pecuniary  results  from  the  inteoduclion  of  tUa  im- 
proved apparatus.  I  speak  now  of  that  of  Mt.  Billieux,  not  being 
able  to  give  as  yet  any  results  from  the  Deroane  and  Qail  appar- 
atua,  which  has  not  hitherto  been  fully  tested  in  this  State.    Sap- 

Ease  a  plantation  to  produce  an  aver^^e  crop  of  five  hunidred  ko((s« 
eads  of  sug^r,  a  moderate  estimate  o?  the  profite  of  the  apparatus 
would  compriflie — 

lat»  An  economy  of  one  and  a  half  cords  of  wood  for 

each  hogshead,  760  cords,  at  |2  60 L  f  l^STS  (K) . 

52d.  An  incteased  value  of  at  least  one  and  a  half  cent 
p<^  pound,  in  the  quality  ef  sugar  produced,  equal  to 
|16per  hhd. 7,600  CO 
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3^.  At  least  26  per  cent,  additional  sugar  obtained  from 
the  molasses)  say  12.5  hhds.,  at  $60 $7,500  00 

From  \vhich  must   be  deducted  the  price  that 
i^ould  have  been  obtained  for  the  molasses, 

16,625  gallons,  at  15  cents.... 2,343  75 

^        ^  '  -1 5,156  25 

14,531  25 

^^  Making  the  enormous  difference  of  $14)531  25  in  the  annual  re- 
yenue  of  the  planter  who  makes  an  average  crop  of  fiye  hundred 
lic^sheads.  I  am  aware  that  this  result  is  so  startling  as  to  pro- 
Toke  incredulity,  yet  I  have  purposely  placed  the  lowest    estimate 

tossible  in  each  item  of  the  calculation.  That  there  are  some  draw- 
acks  is  not  to  be  denied.  I  consider  it  not  to  be  at  all  practicable, 
or,  if  60,  highly  imprudent  to  rely  on  slaves  to  work  the  appara^ 
twi»  I  think  that  the  planter  who  determines  to  adopt  the  improve- 
ments should  make  up  his  mind  to  have  in  his  employ  at  least  two 
white  persons  to  take  charge  of  the  apparatus  during  thd  grinding 
season,  so  as  to  have  at  least  one  white  person  at  the  pans  on  each 
watch.  Sugar  boilers  accustomed  to  the  labor  and  understanding  the 
working  of  the  vacuum  pans  can  be  obtained  without  difficulty  for 
from  five  to  seven  hundred  dollars  each  during  the  grinding  season, 
and  will  soon  be  obtained  at  a  lower  rate,  as  the  demand  for  services 
will  increase  their  number,  and  competition  will  reduce  the  price, 
for  the  labor  is  not  severe  and  lasts  but  seventy  or  eighty  days. 
The  negroes  too,  who  are  employed  in  the  sugar  house,  require 
some  instructions  in  the  different  processes  of  defecation,  filtration,' 
revivification  of  the  bone  black,  &c.,  but  all  these  matters  are  of 
trifling  moment  compared  with  the  great  results  to  be  attained. 

^^In  concluding,  may  I  not  be  allowed  to  congratulate  your  rea- 
ders  on  the  prospects  of  permanent  prosperity  in  this  the  most  impor- 
tant branch  in  our  State  industry,  and  largest  resource  of  State 
wealth.  A  foitunate  concurrence  of  circumstances  rendered  harm- 
less the  reduction  in  the  protective  duty  which  had  been  levied  in 
favor  of  this  very  extensive  manufacture.  The  sudden  and  unex- 
pected repeal  by  Great  Britain  of  that  provision  in  her  laws,  which 
discriminated  between  sugar  grown  by  slave  labor  and  by  free  labor, 
has  destroyed  the  barrier  of  prohibition  which  prevented  the  import 
into  that  country  of  the  Cuba  sugars;  and  the  still  farther  prospec- 
tive reduction  in  the  EngHsh  duties  secures  us  against  a  competi- 
tion which  must  have  ruined  tw^thirds  of  our  planters.  The  large- 
ly increased  consumption,  which  must  inevitably  result  in  Great 
Britain  from,  the  reduction  of  prices  consequent  on  the  diminution 
o5  the  duty,  wiil  suffice  to  absorb  so  great  a  portion  of  the  Cuba 
crop  as  to  leave  to  our  State  almost  the  exclusive  supply  of  the 
home  markets  The.  extent  ]to  which  the  production  of  augar  can  be 
ci^rjried  in  Louisiana  .is  appreciated  but  by  few;  but  those  who  re- 
iect  on  the  subject  anil,  who  feel  an  interest  in  all  that  concerns  the 
prosperity  of  our  Sti^te,  foreaea  wUhexultation'the  day  not  far  di«- 
^5  ^^^?;  •^?¥?^.^S8  .t.rapts  now,  .co.v^^^d  by  .the.  pximey.al  forest^ 
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shall  teem  with  plenteous  hsirrests  of  the  cane;  when  nearly  every 
plantation  shall  be  a  manufactory  of  refined  sugar,  supplying  not 
only  the  wants  of  our  own  country,  but  forming  a  large  item  in  our 
annual  exports;  when,  in  a  word,  the  industry  and  enterprize  of 
our  population  shall  succeed  in  developing  to  their  full  extent  the 
resources  which  a  bounteous  Providence  has  lavished  on  this  fa- 
vored land.*' 

Finally,  in  De  Bow's  Review,  vol.  4,  page  425,  Mr.  Lesseps 
gives  the  following  experimental  results : 

^'Having  a  desire  to  ascertain  the  difference  that  might  ex'.st  in 
the  manner  of  making  sugar  by  the  ordinary  kettles,  and  the  appa- 
ratvs  of  Rillieuxi  I  caused  to  be  cut  down  25  arpents  of  cane,  on 
the  12th  of  November  last,  which  I  made  into  sugar,  and  which 
yielded  26  hogsheads,  and  about  73  gallons  of  molasses  per  hogs- 
head.'' 

^'Five  days  later  I  had  26  arpents  more  cut  down  in  the  same 
part  of  the  field,  which,  by  the  apparatus  of  Rillieux,  yielded  32 
hogsheads  of  sugar,  and  53  gallons  of  molasses.  The  average 
weight  of  the  twoquahies  was  from  1,050  lbs.,  to  1,075  net." 

^^In  order  that  the  one  mode  of  making  sugar  should  have  no 
advantage  over  the  other,  I  caused  these  50  arpents  of  cane  to  be 
cut  in  the  following  manner: 

'^My  field  presents  a  front  of  10  arpents  by  5  feet  in  depth.  I 
took  numbers  1,  3,  5,  7  and  9  for  the  kettles,  and  numbers  2, 4|6j  8 
and  10  for  the  apparatus  of  Mr.  Rillieux.'' 

^'On  my  plantation  at  Povertv  Point,  I  had  66  hogsheads  of  su- 

far  on  the  cistern;  with  the  molasses  which  drained  from  the  samie, 
obtained  about  22  hogsheads  of  sugar  by  a  second  operation." 

The  preceding  statements  serve  to  prove:  1st,  that  decided  ad- 
vantages attend  the  use,  both  of  the  systems  of  Derosne  and  Ril- 
lieuz,  in  place  of  the  open  pans  which  are  generally  employed. 
•  2d,  that  those  planters,  who  have  tried  these  systems,  appear,  respec- 
tively, to  prefer  that  which  they  have  adopted.  To  decide  their 
comparative  merits  in  a  practical,  and  entirely  satisfactory  manner, 
it  is  necessary,  either  that  such  complete  data  as  those  spoken  of 
by  Mr.  Lapice,  in  the  letter  above  referred  to,  should  be  furnished 
for  each  system;  or  that  some  enterprising  planter  should  subject 
the  two  systems  to  a  perfectly  similar,  thorough  and  impartial  trial. 
Such  information  is,  at  present,  very  desirable;  and  in  the  absence 
of  it,  those  planters  who  have  hitherto  used  open  pans,  and  who 
wish  to  adopt  the  most  improved  method  and  apparatus,  must  be 
guided  very  much  by  interested  statements,  which  are,  of  course, 
to  be  received  with  ereat  caution,  and  by  opinions,  which, however 
probable,  are  yet  liable,  more  or  less,  to  error  and  uncertainty. 

In  my  report  on  the  manufacture  of  sugar,  in  1847,  I  not  only 
classified  and  described  the  various  kinds  of  apparatus  used  for 
evaporating  saccharine  solutions,  (which  descriptions  were  design- 
ed, not  for  machinists,  but  for  planters  and  refiners,  and  were, 
therefore,  prepared  without  that  degree  ef  care  which  would  have 
prevented  some  slight  inaccuracies  of  detail  which  occurred  both 
in  the  diagrams  and  in  the  text,}  but  I  also  stated  the  practical  re- 
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suits  which  had  att.f^nded  theii:  use,  and  frapjkly  expressed  my  opio- 
iops  in  ^ach  instance,  where  any  uncertainty  seemed  to  exist — as- 
si^^Ing,  for  such  results,  and  such  opiniQns^  reasons  founded  only 
on  physical  laws  Errors  of  fact  bay e  been  pointed  out,  wbich  I 
h^T«  endeavored  to  correct  in  this  revised  edition;  but  my  opinions^, 
some  of.  which  hare  been  freely  criticised,  remain,  after  full  anid 
candid  consideration  of  those  criticisms,  and  increased  information 
oq  my  p^rt,  generally  confirmed  rather  than  sJtered  or  dispelled. 
To  the  planters  it  belongs,  to  judge  to  what  extent  th^y  may  be 
erioneojUR^  or  worthy  of  any  confidence. 
I^  article  30.,  page  86,  of  my  report,  I  made  the  following  remark r 

<^To  planters  who  are  obliged  to  depend  greatly  upon  the  begaasa 
oC  the  crop  for  tbeir  supply  of  fuel,  Rillieux^s  system  presenta 
great  adya^tages  oyer  all  others;  for  the  economy  of  fuel  is  ao  great 
in  it,  that  the  begassa  alone  is  amply  sufficient  for  the  crop,  even 
in  Louisiana,  where  the  immature  nature  of  the  cane  and  the  humi- 
diSy  of  the  climate  are  far  less  favorable  for  drying  begassa,  and 
wh.ere,  therefore,  this  article  ia  much  inferior  to  that  used  in  the 
West  Indies.  B.at  if  fuel  he  cbundantj  an  open  steam  evaporatiiig 
pan  for  concentration  to  S7  deg.  Beaum6,  and  a  simple  yacaum 
pan,  either  that  of  Howard  or  that  of  Riliieux,  will  give  equally 
satisfactory  results;  the  juice  being  in  each  case  similarly  defecated 
and  filtered  through  bone  black.^' 

l^his  statement  was  criticised  by  Mr.  Riliieux,  ill  De  Bow's  Re- 
view, vol.  6,  page  292,  as  follows: 

''Since  Mr.  McCuUoh  was  in  Louisiana  many  apparatus  have 
been  us^d,  and  among  them  the  kind  above  referred  to  by  Messrs^ 
Gprdpn^  Johnson,  &  Osgood,  and  the  result  is  far  from  being  as 
satisffBCtory  as  by  the  ^  N.  Rillieux's  Apparatus.'  The  sugar  is  in- 
fer,ior  in^  quality,  and  the  consumption  of  fuel  is  from  15  to  26  per 
ce.i^t.  greater  than  by  the  common  set  of  kettles.  It  is  true,  how- 
ey^r,  that  such  apparatus,  or  a  double  vacuum  pan  apparatus,  iC 
prqp^rjy  built,  will  give  as  good  and  as  much  sugar  as  RiUieux'a^ 
ai^d  coni^ume  no  more  wood  than  a  good  set  of  kettles.  But  neither 
Professor,  McCuUoh,  nor  any  other  writer  on  sugar  apparatus,  haa 
yet  pQinted  out  the  indispensable  requisite  to  obtain  such  a  resnlt;. 
and  tbe  apparatus  built  in  this  or  any  other  country  are  a  positive 
prppf  ths^t  the  builder;s  are  not  aware  of  this  requisite.  Now  I  will 
eA4e.syv9r  to  cojiue  to  a  true  estimate  of  the.  relative  value  of  these 
api^aratus.  of  tbe  san^e  boiling  power,  giving  the  same  quantity  and 
qui^Ut^y  of  sugar*  One  an  open  steam  evaporating  pan  ^nd  strike 
Vf^c.ii^u.i^  pan:^bi|e  double  vacuum  pan  apparatus^— aqd  a  If,  Ril- 
lieux^S.tlfjr^e;  pa?^  appai;at,u8i, ,  Thui|: 
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"The  above  table  shows  the  prices  of  the  three  different  appara- 
tus, each  of  8,000  lbs.  boiling  power,  set  up,  including  brick  work 
and  carpenter's  work»  to  be  17,900,,  19,000,.  and  $10^00.  Now, 
the  saving  of  fuel  by  the  last  apparatus  on  the  first  crop  of  440,000 
lbs.  of  first  sugar  is  $2,227  60,  and  if  this  saving  be  credited  to  the 
price  of  that  apparatus,  then  they  stand  thus— f7,900,  $9,000,  and 
1^8,572  50;  and  the  three  pan  N.  Rillieux  apparatus  costs  less  by 
$427  60  than  the  double  vacuum  pan  apparatus^  and  $667  60  more 
than  the  open  steam  pan  and  vacuum  pan  apparatus  after  the  first 
crop.  And  if  20  per  cent,  be  a  fair  return  for  outlay  in  apparatus, 
then  the  three  pan  N.  Rillieux  apparatus,  which  saves  annually 
$2,227  60  in  fuel,  is  worth  $11,137  50  more  than  the  two  other  ap- 
paratus. The  price  of  a  "N.  Rillieux"  three  pan  8,000  lbs.  boiling 
power  apparatus,  set  up  complete,  including  the  brick  and  carpen- 
ter's work,  being  $10,800,  the  others  are  worth,  set  up,  brick  and 
carpenter's  work  included,  $337  60  less  than  nothing;  and  if  the 
'  planter  has  to  pay  for  the  brick  and  carpenter's  work  as  usual,  then 
the  builders  of  those  two  apparatus  ought  to  give  them,  set  up 
complete,  and  $1,837  60  besides,  to  the  planter,  to  put  him  in  the 
same  economical  situation  as  if  he  had  purchased  the  N.  Rillieux 
apparatus." 

To  these  remarks  of  Mr.  Rillieux  I  may  reply  that,  in  the  very 
paragraph  which  he  quotes  I  admit  and  assert  the  superiority  of  his 
apparatus  with  reference  to  this  economy  in  fuel,  for  which  he  eon- 
tends,  and  which  I  also  endeavored  to  prove  by  calculations  in  ar- 
ticle 33;  and  that  he  seems  to  assent  to  my  statement,  if  the  appa- 
ratus be  ^^properly  built" — a  condition  implied. 

In  the  same  number  of  De  Bow's  Review,  vol.  5,  page  285,  there 
was  published  a  letter  from  Mr.  Rillieux  to  Mr.  W.  E.  Thompsou, 
dated  January  29,  1S48,  which  the  latter  gentleman  also  caused  to 
be  printed  ano  issued  in  the  form  of  a  circular.  In  that  letter  Mr. 
Rillieux  says: 

^^There  are  in  now  in  Louisiana  eight  different  methods  uaed  in 
making  sugar,  viz: 

Ist.  The  old  set  of  kettles; 

2d.    Set  of  kettles  for  syrup,  strike  high  pressure  steam  pan; 

3d.    Set  of  kettles  for  syrup,  and  strike  vacuum  pan; 

4th. 'Open  high  pressure  steam  pans  for  syrup  and  strike; 

6th.  Open  high  pressure  steam  pans  for  syrup  and  strike  vacuum 
pans; 

6ch.  One  syrup  and  one  strike  vacuum  pan,  clarifiers  and  filters; 

7th.  ^Degrand's'  apparatus,  clarifiers  and  filters; 

8th.  N.  Rillieux's  three  and  four  pan  apparatus,  clarifiers  and  fil- 
ters." 

For  the  comparative  results  of  these  methods  lie  gives  the  fol- 
lowing tables,  the  first  of  wbidil  have  modified,  but  in  itsarrauge- 
inent<>ttly:  -  
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FIRST  TABLE. 

Skfnoing  tki  value  of  a  crop  of  can$,  madt  into  iugar  by  tix  different  methoitj  into 
kogsheadt  without  being  eyrupeu,  at  the  price  each  kind  hae  been  eold  at,  or  u 
V)orth  ihie  a$a$on. 


The  whole  quantity  of  dry  sagar  being  in  each  case  653 .367  poonds,  and  the  boiling 
power  required  to  take  off  each  crop  being  8,000  pounds. 
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In  th€  remarks  accotDpanying  these  tal)1es,  Mr.  Rillieux  estimates 
the  consumption  of  fuel,  for  every  1,000  pounds  of  sugar,  at  3  to 
4  cords  of  wood  in  methods  1, 2,  and  3;  at  4  to  5  cords,  in  methods 
4  and  5;  at  3  to  3^  cords,  in  method  6;  at  1^  to  1|  cords,  in  method 
7;  aiid  in  iriethod  8,  at  0.9  to  1.5  cords,  lor  the  three-pan  appa- 
ratus, and  from  ^  to  |  of  a  cord  for  his  four-pan  apparatus. 

He  claims  for  ^he  sugar  made  with  his  apparatus  a  superiority  in 
quality,  though  not  in  quantity,  over  that  manufactured  by  methods 
6  and  7;  and  he  asserts  that  syrnped  tiger  sugar  made  with  his  ap- 

Karatus  by  Messrs.  Benjatoin  and  Packwood  sold  for  8  cents,  while 
Ir.  Lapice^s  syrUped  tiger  stigar,  made  by  method  7,  sold  in  hhds. 
marked  Nos.  1,  2,  and  3,  at  7,  6,  add  5  cents.  Mr.  Rillieux  states 
that  bhd.  sugar  made  by  methtid  6,  sold  at  6  cents,  while  sugar  of 
the  same  kind  made  with  his  three-pan  apparatus  brought  6^  cents. 
Of  Degrand's  apparatus  he,  however,  says:  "The  7th  method  ought, 
I  think,  to  give  as  much  and  as'good  sugar  as  the  following,  but 
has  not  yet  done  so;"  the  correctness  of  which  assertion  was  sub- 
sequently denied  by  Mr.Valcour  Aime,  who  professed  to  have  made, 
by  that  method,  ^^fi'om  cane  juic«,  sugar  of  a  higher  grade,  and 
which  is  sold  at  better  prices  than  any  which  has  hitherto  been 
obtained  by  the  Rillieux  apparatus." 

From  the  data  of  the  first  of  the  above  tables,  'Mr.  Rillieux  con- 
cludes that  the  profit  on  one  crop  by  method  8  over  each  of  the 
Other  methods  of  that  table  "exceeds  the  entire  cost  of  an  N.  Ril- 
lieux apparatus,"  and  that  the  worst  method  is  the  fourth.  From 
the  results  of  the  second  table,  he  contends  "that  at  the  price 
Messrs.  Merrick  and  Towne  sell  *the  Rillieux  apparatus,'  prefer- 
ence ishonld  be  given  to  the  double  vacuum  pan  apparatus,  only  if 
they  can  be  had  already  set  up  for  nothing,  and  Degrand's  appa- 
ratus is  only  worth  half  the  price  of  Rillieux's  four-pan,  and  three- 
fourths  the  price  of  Riiheux's  three  pan  apparatus  of  the  same 
boiling  power." 

Mr.  Rillieux  tilso  says  that  "the  first  and  second  methods  are  in 

general  use  in  Louisiana,  and  give  very  nearly  the  same  sugar,  and 

exactly  th«  same  quantrty.     Nearly  the  whole  profit  from  a  steam 

battery    arises  from    the    boiling  of  the    molasses.     The    difi'erent 

Strike  high  pressure  pans  give  tne  same  result,  but  the  worms  are 

the  best  as  they  cost  less,  and    are    easier   kept  in  re;.air.     Sugar 

made  altogether  in  open  high  pressure  steam  pans  is  worth  less  by 

^  to  j^  cent  per  pound  than  if  made  by  the  set  of  kettles,  and  the 

consumption  of  fuel  is  15  to  25  per  cent,  greater.     Sugar   made  in 

a  set  of  kettles  and  finished   in    a  vacuum  pan  of  any  description, 

I  when  well  made,  is  worth  i  to  |  cent  per    pound    more  than  when 

I  made    by    kettles    Jilone.     Tlie  profit  arising  from  a  strike  vacuum 

'  pan  pays  back  twice  the  outlay 'in  one  crop." 

The  printed  circular  from  wnich  these  tables  and  statements  of 
Mr.  Rillieux  are  extracted  led  to  a  newspaper  controversy,  in 
which  their  correctntiy?s  was  disputed.  The  naerits  of  that  contro- 
versy I  shall  not  presume  to  determine.  In  August  last  Mr.  Ril- 
lieux handed  me  a  copy  thereof,  together  with  the  circular,  a  pam- 
phlet by  M.  D^grand,  "5t*r  Pevaporation  des  liquides  sutres^^^  and 
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a  letter  addressed  to  me  by  himself;  the  object  of  which  is  stated 
to  be  to  call  attention  to  some  inaccuracies  in  my  report|  "  so  that 
they  may  be  corrected  in  the  forthcoming  reprint." 

In  Mr.  Rillieux's  letter  to  me,  he  says:  ^'  It  is  difficult  to  get 
precise  data^  because  the  planters  are  averse  to  making  their  ope* 
I  rations  known.     I  was,  therefore,  in  some  cases  compelled  to  get 

r  my  information  from  persons  employed  on  the  plantations.     The 

general  correctness  of  the  statements  may  be  inferred  from  the  fact 
that  only  two  of  the  planters  have  made  any  objection  thereto. 
One  objected  to  the  statements  in  the  report^  and  I  refer  you  to  a 
newspaper  correspondence,  from  which  you  may  judge  of  the  merits 
of  the  case.  The  other  briefly  denied,  in  general  terms,  the  cor- 
rectness of  the  statement  respecting  his  crop.''  Mr.  Rillieux  then 
proceeds  in  his  letter  to  maintain  the  contrary.  I  do  not  know 
whether  or  not  Mr.  Rillieux  desired  me  to  make  any  use  of  his 
communication,  except  for  the  correction  of  inaccuracies  in  my 
report.  As  it  is  in  part  controversial,  I  do  not  feel  at  liberty  to 
embody  it  in  a  congressional  document;  but  I  have  no  wish  to 
withhold  information  from  the  public,  and  I  shall,  therefore,  send 
a  copy  of  it  to  the  editor  of  De  Bow's  Review,  to  be  published 
ornot,  as  he  may  prefer.  In  this  document,  I  will  give  only 
such  extracts  as,  in  my  opinion,  can  be  made  with  perfect  pro- 
priety, and  as  may  seem  necessary,  in  order  to  do  justice  to 
every  one,  and  at  the  same  time  to  throw  light  upon  the  general 
subject  of  the  sugar  industry. 

Mr.  Rillieux  also  says:  ''I  come  now  to  my  apparatus  for  ma- 
king sugar;  the  invention  of  which  I  am  prepared  to  trace  back  to 
January  or  February,  1832,  by  the  testimony  of  gentlemen  of  the 
higtiest  standing  in  Louisiana.  In  1834,  a  part  of  my  invention 
was  described  to  Derosne  and  other  persons  in  France;  and  subse- 
quently, my  idea  of  boiliog  one  vacuum  pan  by  the  vapor  from 
another,  was  conveyed  to  him  by  persons  who  can  be  traced.  In 
1843,  Derosne  made  a  trial  of  the  last  idea,  in  such  a  defective 
manner  as  to  show  plainly  that  he  did  not  comprehend  it.  Mr. 
Dumas,  in  the  sixth  volume  of  his  chemistry,  gives  a  drawing  of 
that  apparatus  tried  by  Derosne,  which  you  have  copied  in  your 
report,  and  stated  to  be  the  same  you  saw  in  operation  in  Cuba,  on 
the  estate  of  Don  Yilla  Urutia,  and  on  the  Amistad  estate  near 
Gulnes,  owned  by  the  widow  Ayesteran  and  her  sons.  I  have  re- 
cently seen  all  the  apparatus  set  up  by  Derosne  in  the  island  of 
Cuba,  except  that  of  Don  Contero,  and  none  of  them  use  the  steam 
of  one  pan  to  boil  another.  I  afterwards  saw  Don  Contero  in  Ha- 
vana, and  he  informed  me  it  was  not  so  used  in  his  apparatus. 
Don  Ayesieran  told  me  that  when  you  visited  their  plantation  Le 
had  only  one  vacuum  pan  with  a  Degrand  condenser."  The  inac- 
curacy in  my  report,  which  is  pointed  out  in  the  passage  just  quo- 
ted, has  been  corrected  in  this  revised  edition;  but  the  more  fully 
to  do  him  justice,  I  give  Mr.  Rillieux's  statement,  and  cheerfully 
acknowledge  that  it  is  true  in  as  far  as  it  relates  to  myself,  as  well 
as  that  I  erred  through  inadvertency. 
Finally,  he  adds:  ^^I  hand  you  herewith  a  publication   by  De- 
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grand,  in  which  he  asserts  and  proves  that  Derosne^  so  far  from 
improving  the  apparatus  invented  by  him,  has  actually  injured  it 
by  his  modifications. 

'^  Derosne  also  attempted  to  deprive  Degrand  of  the  credit  of  his 
invention;  but  the  royal  court  of  Paris  recognized  his  rights,  de- 
clared him  to  be  the  only  and  true  inventor,  and  ordered  Derosne^ 
under  a  heavy  penalty,  to  take  off  his  own  name  as  inventor  from 
all  the  apparatus  he  had  made,  and  substitute  ^Degrand,  inventor,' 
in  large  letters.  In  justice  to  the  inventor,  I  suggest  that  you  re- 
cord this  fact  in  your  report."  In  publishing  this  extract  from  Mr. 
Rillieux's  letter  to  me,  I  neither  assert  nor  question  its  accuracy^ 
of  which  I  know  nothing;  to  Mr.  Derosne,  who  has  been  dead 
these  two  years,  it  no  longer  matters  what  claims  to  invention  may 
be  made  by  others.  I  would,  however,  tread  lightly  on  the  ashes 
of  the  dead,  as  well  as  respect  the  living;  and  I  shall,  therefore^ 
make  use  of  only  such  portions  of  Mr.  Degrand's  pamphlet  (which 
appears  to  be  a  hostile  attack  upon  MM.  Derosne  and  Cail)  as  are 
not  controversial.  I  will,  however,  send  to  De  Bow's  Review  a 
translation  of  the  entire  pamphlet,  that  its  contents  may  be  known 
to  the  planters,  and  criticised  by  any  one  who  may  see  fit. 

The  following  statement  of  Mr.  Degrand  is  at  least  interesting^ 
if  not  valuable:  ^^The  present  state  of  the  manufacture  of  sugar  in 
France,  so  far  as  the  evaporation  of  saccharine  liquids  is  concerned^ 
is  as  follows:  the  arrangements,  acting  continuously  upon  thin 
layers  of  syrup,  heated  by  high  pressure  steam^  and  exposed  freely 
to  the  air,  have  been  abandoned;  because,  among  the  numerous  va- 
rieties which  have  been  tried,  none  have  fulfilled  the  condition  of 
good  working.  There  are  some  manufacturers  who  evaporate  en- 
tirely in  bascule  pans,  exposed  to  the  direct  action  of  the  fire  and 
to  the  air;  occupying  two  hours  and  a  quarter  to  bring  the  juice 
of  the  sugar  beet  to  18^  or  20°  Beaum6,  and  three-quarters  of  an 
hour  to  bring  this  syrup  to  the  striking  point.  Some  evaporaJLe  the 
Juice  in  these  pans  to  18^  or  20^  Beaum6,  and  then  employ  open 
pans,  heated  by  steani,  to  reduce  the  syrup  to  its  proper  density; 
others,  who  evaporate  entirely  by  steam  at  150°,  in  open  pans,  take 
thirty  to  thirty-five  minutes  for  evaporation  to  18^  ox  20^  Beaumi^ 
and   fifteen   minutes  for  concentration.     All   these  manufacturers 

f produce  sugar  of  ffood  quality.  Others,  again,  evaporating  entire- 
y  by  the  Degrand  apparatus,  such  as  MS/f.  Derosne  and  Cail  con- 
struct, do  not  produce  a  sugar  of  irreproachable  quality,  but  at 
least  obtain  it  with  economy  in  fuel.  Still,  others,  by  making  use 
of  the  Howard  apparatus,  obtain  a  good  sugar;  while  there  are 
some  who,  with  the  same  apparatus,  produce  sugar  in  a  pasty  con- 
dition. And  finally,  good  results  are  obtained  by  evaporating  with 
steam  at  150"^,  in  open  pans,  to  18^  or  20^  Beaum6,  and  itien  em- 
ploying a  vacuum  apparatus  of  either  double  or  single  effect,  to 
bring  the  syrup  to  the  striking  point  and  to  work  molasses." 

^^From  the  whole  of  these  practical  results,  it  seems  that,  if 
only  the  quality  of  the  sugar  produced  is  considered,  there  is  but 
little  reason  to  prefer  one  kind  of  pan  to  another;  but  this  view  of 
the  subject  would  be  incomplete,  for  it  is  also  necessary  to  take 
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into  consideration  the  coloration  of  the  sugar  more  Or  Itsn  decided, 
as  well  as  the  quantities  of  sugar  r^spectirely  produced  by  a  given 
vreight  of  beet  juice,  supposing  all  the  circumstances  of  the  manu- 
facture simitar,  except  the  pans  or  the  evaporating  apparatus.  As 
for  the  Coloration,  the  sugar  coming  from  pans  exposed  directly  to 
the  fire  is  a  little  more  colored  than  that  which  is  obtained  by 
heating  with  steam  at  ]50^,  in  open  pans;  and  this  last  does  not 
attain  to  the  whiteness  of  sugar  evaporated  in  vacuum  apparatus. 
On  the  other  hand,  the  quantity  of  sugar  produced  is  as  much 
greater  as  the  coloration  is  less  decided." 

The  parefgraph  just  quoted  appears  somewhat  inconsistent,  f6r 
the  quality  of  sugar  is  certainly  effected  by  its  color;  those  pans 
which  give  sugar  of  superior  whiteness  may,  therefore,  be  said  to 
produce  it  of  higher  quality.  And  if  we  consider  the  term  quality 
as  technically  synonimous  with  crystalline  g-ratn,  Mr.  D6grand  can 
scarcely  be  iinderstood  to  imply  that  this  does  not  vary  with  the 
different  kinds  of  apparatus. 

Mr.  D^grand  undertakes,  in  his  publication,  to  institute  a  de- 
tailed comparison  between  his  own  vacuum  apparatus  and  that  of 
Howard,  taking  into  account  the  original  cost,  expenses  of  work- 
ing, and  compound  interest  thereon.  But  while  he  sets  forth  fully 
all  the  advantages  of  his  own  and  the  disadvantages  of  that  of 
Howard,  which  he  overrates,  he  neglects  to  present  distinctly  the 
corresponding  defects  of  the  one  and  merits  of  the  other.  He  biso 
draws  this  comparison,  not  between  Howard's  pan  tud  his  own,  as 
constructed  by  MM.  Deroshe  and  Cail,  and  tested  by  exj^erience, 
but  between  that  pan  and  his  proposed  arrangements,  which  have 
been  insuflBciently  tried;  and  the  conclusions  which  he  deduces 
are,  therefore,  not  only  affected  by  the  bias  of  his  mind  in 
favor  of  his  own  contrivances,  but  based  upon  data  which  are 
more  or  l^ss  hypothetical.  It  should  be  borne  in  mind  that 
it  is  Only  in  economy  of  fuel,  resulting  from  the  use  of  the 
latent  heat  contained  in  the  vapor  which  escapes  from  the  boil- 
ing syrup,  that  the  apparatus  of  either  Mr.  D^grand  or  Mr.  Ril- 
Heux  possesses  any  advantage  over  that  of  Howard;  and  that  any 
fair  comparison  requires  that  each  of  these  sy^temis  should  be  al- 
lowed air  the  accessory  advantages  which  it  can  derive  from  such 
ingenious  means  as,  for  instance,  that  of  M^itig  for  eVaporation  the 
exhaust  steam  of  the  engine  of  the  tolfing  mill,  previously  em- 
ployed'expansively  by  means  of  a  cut-off.  AH  stich  accessory  ad- 
vantages are  excluded  by  M.  D^grand  froni  his  n'otice  of  Howard's 
pan,  while  he  gives  it  two  steam  engines  and  separate  boilers  to 
perform  the  pumping  operations  it  requires.  With  this  brief  re- 
view, I  take  leave  of  his  pamphlet  for  the  present,  re^^rving  more 
extended  criticisms  for  such  remarks  as  I  may  see  fit  to  annex  to 
it  if  published  in  De  Bow's  Review. 

In  conclusion,,  although  I  hare  set  forth  the  principles  upon 
which  economical  evaporation  depends,  somewhat  br'iefly  perhaps, 
but  as  clearly  as  is  requisite  for  the  comprehension  of  an  intelli- 
gent mind,  yet  it  may  be  well  to  offer  soriie  renilai'ks,  which  may 
serve  either   to  present  them  more  fuUy  and  forcibly,  or  to  eluci- 
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date  their  conoexion  with  the  practical  problem  to   which  every 
sugar  manufacturer  needs  to  apply  them. 

On  page  236  above,  I  have  enumerated  certain  established  physi- 
cal truths,  which  are  particular  cases  under  the  following  general 
laws: 

1st.  It  is  not  less  impossible  to  create  power  than  matter.  Chem- 
istry has  long  since  acknowledged  that  in  all  the  transformations 
which  matter  undergoes,  by  reason  of  natural  or  artificial  influences, 
it  suffers  no  change  but  that  of  form.  Not  a  particle  is  either  ere- 
^'''  ated  or  destroyed.  Similarly,  by  the  discoveries  of  modern  me* 
chanical  and  physical  science  it  has  been  established,  that  we  may 
'-'  modify  the  action,  but  can  in  no  way  increase  or  diminish  the  qoan* 
tity  of  force.  We  may  expend  it  slowly  or  rapidly.  And  by  our 
arrangements  we  may  employ  it  either  economically  and  effectually, 
or  wastefully  and  in  the  production  of  useless  results.  There  is 
power  in  a  pound  of  coal,  by  combustion  with  the  oxygen  of  the 
air,  to  develope  a  certain  quantity  of  heat;  that  heat,  if  applied 
entirely  to  the  conversion  of  water  of  given  temperature  into  vapor, 
is  capable  of  evaporating  a  certain  invariable  quantity.  But  if,  in 
the  apparatus  used  for  the  purpose,  more  or  less  is  lost  by  absorp* 
^'1'  tion,   conduction,  radiation,  Jbc,   the  effective  evaporating  result 

''-!  will,  of  course,  be  proportionally  diminished.  Hence,  furnaces  should 

'^''  be  so  contrived,  when  practicable,  that  the  amount  of  beat  wasted 

^'  shall  be  a  minimum   quantity;  and  all   attempts  to  increase  their 

power,  in  any  other  way  than  by  preventing  less  of  -heat,  are  un- 
-  scientific  and  visionary. 

'  2d.    Force  expended  in  producing  an  effect  is  not  destroyed,^^ 

^  When  water  is  converted  into  steam,  the  heat  which  causes  this 

^  change  is  not  annihilated;  it  is  communicated  to  and  abides  in  the 

^  steam;  and  if,  by  condensation,  it  be  imparted  to  another  and  like 

*  quantity  of  water,  this  in  turn  will  be  converted  into  vapor,  which 

'*  also  may  yield  it  to  a  third  portion;  from  which  it  can   pass  to  a 

^  fourth,  and  so  on,  ad  infinitum;  each  portion,  successively,  assum** 

^  ing  the  state  of  steam  and  reverting  into  that  of  water,  by  receiv- 

ing   and  then   imparting  the  heat  which  causes  its  transformation. 
'  Nothing  is  thus  created — nothing  destroyed. 

In  practical  operations,  however,  it  is  impossible  to  apply  any 
power  without  waste;  and  we  cannot,  therefore,  use  the  same  heat 
successively  without  limit  and  without  rapidly  decreasing  effective 
results.  The  causes  of  loss  being  those  mentioned  above — absorp- 
tion, conduction,  radiation,  etc. 

I  have  not  hesitated  to  express  the  opinion  of  Mr.  Rillieux's  ap- 
paratus, that  it  possesses  superior  advantages  to  that  of  Derosne, 
and  to  all  other  apparatus  for  evaporating  syrups  in  vacuo  which 
has  been  practically  tested,  and  of  which  I  have  any  knowledge; 
because  he  alone  of  those  who  have  offered  their  inventions  for  that 
purpose  to  the  public,  seems  to  me  to  have  clearly  apprehended  the 
idea  of  using  the  latent  he^t  of  steam  successively^  and  to  have  so 
constructed  his  apparatus  as  to  realize  this  idea  practically,  thereby 
attaining  that  economy  in  the  expenditure  of  fuel,  or  heating  power, 
which  necessarily  results  from  its  continuous  employment  until 
41 
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lost  by  the  operation  of  accidental  causes.  It  is  true  that  Degrand's 
condenser,  or  serpentine  tube,  permits  the  latent  heat  of  the  steam 
from  the  Tacuum  pan  to  be  used  a  second  time;  but,  so  far  from 
attempting  to  employ  the  rapor  which  escapes  from  the  juice  con- 
centrated upon  the  outside  of  that  condenser,  he  permits  it  to  es- 
cape freely  inta  the  air,  whale  RiUieux  uses  the  beat  of  steam  affain 
and  again. 

While,  however,  I  haye  confidently  asserted  that  the  apparatus 
of  Billieux  must  be  more  economical,  I  have  not  hesitated  to  ex- 
press the  firm  conviction,  ttat  either  the  vacuum  pan  of  Howard, 
Of  Ibftt  of  Derosne  and  Degrand^  possesses  equal  advantages  for  the 
maaufacture.  of  sugar  of  perfect  quality.  It  matters  not  what  may 
be  the  form  of  the  pan,  or  what  are  the  mechanical  arrangements 
by  which  the  vacuum  is  produced,  if  that  vacuum  be*  sufficiently 
perfect,  and  the  air  pump,  whether  simple  or  combined  with  a  con- 
denser, be  powerful  enough  to  maintain  it  when  formed,  ebullition 
will  take  place  at  a  low  temperature,  and  sugar  of  chemical  purity 
iriU  be  made  from  pure  syrup.  The  size  of  the  vacuum  pan,  and 
the  rapidity  with  which  the  operation  is  conducted,  will  exercise 
an  influence  upon  the  grain.  But  apart  from  advantages  of  mechani- 
cal construction  and  economy  in  fuel,  I  miist  confess,  I  can  see  no 
cause  for  preference  of  either  one  of  these  arrangements  for  evap- 
trating  in  vacuo  to  the  others. 

Although  I  accord  to  the  apparatus  of  Rtllienx  superiority  over 
•ikers  now  in  use,  I  do  not  consider  it  incapable  of  improvement, 
however  admirable  in  its  present  construction;  and  it  would  not 
W  difficult,  I  think,  to  point  out  modifications  which  would  tend 
materially  to  increase  its  effective  result;  but  it  is  not  my  purpose, 
in  this  essay,  to  criticise  particular  arrangements,  but  rather  to 
give  an  exposition  of  general  physical  truths  by  which  planters  and 
others  may  be  guided. 

There  is  no  principle  from  which  greater  economical  advantages 
may,  in  my  opinion,  be  derived  by  the  sugar  industry,  than  that 
ef  th«  sqcc^ssive  use  of  latent  heat.  I  have  stated  (see  page  261 
above)  that  this  principle  ^^s  neither  one  lately  discovered  nor 
but  recently  applied;  and  that  it  has  long  formed  a  part  of  estab- 
lished physical  science.'^  To  Mr.  Riilieux  and  to  Mr.  Degrand 
may  be  due  the  oredit  of  having  first  combined  it  with  that  of 
evaporation  in  vacuo,  for  the  manufacture  of  sugar;  but  1  do  not 
think  that  either  of  these  gentlemen  can  claim  to  have  first  in- 
vented an  apparatus  for  using  latent  heat  successively  for  the 
evaporation  of  syrups,  &c.  And  I  can  see  no  chemical  reason  why 
cane  juice  may  not  be  concentrated,  say  to  2B^  B.,  in  pans  using 
the  latent  heat  of  steam  successively  and  under  ordinary  pressure. 
By rup  thus  concentrated  might  be  granulated  in  Howard's  pan; 
and  would,  I  am  confident,  give  sugar  of  excellent  quality.  By 
a  calculation,  (see  page  263  above,)  I  have  shown  that  a  series  of 
four  pans  is  capable  of  increasing  the  evaporating  efi'ect,  produced 
under  atmospheric  pressure  by  a  given  quantity  of  high  steam,  in 
the  ratio  of  173  to  100,  or  nearly  as  7  to  4;  this  is  not  a  mere 
theojetical  deduction,  but  a  result  which  has  b6.en  realized  upon 
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a  large  scale  with  sach  an  apparatus  constructed  by  Mr.  Deroane^ 
i;rhich  was  not  known  to  me  when  I  made  the  above  calculation, 
and  Df  which  a  description  will  be  found  in  the  second  Tolume,  page 
8?|  of  the  second  edition  of  Peclet's  Traite  dt  la  Chaleurj  dans- 
ses  applicationf ,  with  this  apparatus  the  economy  of  fuel  is  said 
to  hare  been  as  9  to  6,  or  180  to  100,  being  rery  nearly  the  calcu^ 
lated  value. 

The  importance  of  economy  in  fuel  to  the  cane  sugar  industry  is 
manifest  from  the  fact,  that  cane  juice  of  good  quality  contained 
15  to  20  per  cent,  nearly  of  sugar,  and  that  80  to  85  per  cent,  of 
water  tamst,  therefore,  be  evaporated,  or  four  parts  for  every  one 
of  sugar  obtained;  certainly,  therefore,  in  operating  upon  large 
quantities  it  is  highly  desirable  to  be  able,  by  improved  arrange- 
ments,  to  augment  the  action  of  the  fuel  employed  m  a  two-fold  or 
greater  degree. 

Whenever  the  latent  heart  of  steani  generated  in  one  pan  is  used 
to  evaporate  a  liquid  in  another,  it  is  necessary  that  the  tempera- 
ture of  ebullition  should  be  lower  in  the  second  than  in  the  first,  in 
order  to  cause  condensation  with  sufficient  rapidity  to  let  the  steam 
flow  readily  between  them.  This  may  be  accomplished,  if  the  use 
of  high  steam  would  produce  no  injurious  chemical  effects,  by  per- 
forming the  successive  evaporations  under  different  pressures, 
which  may  be  regulated  at  will  (ty  means  of  valvea  loaded  with 
corresponding  weights.  Slight  additions  of  temperature  cause  very 
considerable  and  rapidly  augmenting  increments  pf'  th^  elastic 
force  of  vapors,  the  latter  varying  in  geometrical  when  the  former 
are  in  arithmetical  progression.  It  is  not,  therefore,  practicable, 
without  employing  steam  of  much  higher  tension  than  would  be 
proper  or  safe,  to  use  its  latent  heat  successively  in  a  large  num- 
ber of  pans;  for  if  we  suppose  the  steam  to  be  of  three  atmos- 
pheres, or  275^  Fahrenheit,  and  allow  a  difference  of  tepiperature 
of  5i5^  between  each  two  consecutive  pans,  which  is  not  more  than 
sufficient,  it  would  be  requisite  that  the  fourth  pan  should  boil  at 
the  temperature  of  200^.  This  coqld  only  take  place  by  aid  of  a 
partial  vacuam  in  that  pan.  Hence  it  is  evident  that  the  limits 
within  which  steam  may  be  applied  effectually,  and  without  the 
assistance  of  a  vacuum,  are  very  narrow;  and  this  is  particularly 
the  case  with  reference  to  concentrated  syrups,  which  are  easily  in* 
jured  by  subjection  to  temperatures  much  exceeding  212^  Fahren- 
heit, especially  if  long  continued.  As  ebullition  in  vacuo  may 
take  place  at  any  temperature  above  that  at  which  the  liqald  be- 
comes solid  by  congelation,  it  is  evident  that,  by  i;heaus  of  an  air 
pump,  we  may  greatly  extend  the  range  of  temperature,  and,  con- 
sequently, the  number  of  pans  in  which  the  latent  heat  of  vapor  is 
successfully  employed.  If  it  were  possible  to  construct  a  pump 
which  would  produce  a  perfect  vacuum  in  the  last  pan,  water  would 
boil  in  it  at  32*^,  or  at  its  own  freezing  point;  and  a  series  of  no 
less  than  ten  consecative  pans  might  be  used  in  which  the  temper- 
atures of  ebullition  would  vary,  between  the  limits  of  212°  and  32®, 
by  equi-differences  of  20^.     With  steam  of  272**  (nearly  three  at- 
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mospheres)  it  would  be  practicable  to  extend  this  series  to  13 
pans. 

The  assertion  that  water  may  be  made  to  boil  in  vacuo  at  32^ 
Fahrenheit,  may  appear  to  some  strange  and  even  untrue;  but  such 
is  nevertheless  the  fact.  .  Boiling  or  ebullition  is,  in  itself,  a  mere 
mechanical  agitation,  a  disturbance  of  equilibrium  which  oc%urg. 
when  the  vapor,  formed  in  the  heated  liquid,  is  of  sufficient  dis- 
ruptive or  expansive  force  to  overcome  both  the  cohesion  of  the 
fluid  particles  and  the  atmospheric  or  other  pressure  to  which  it  is 
subjected.  It  is,  therefore,  an  unimportant  phenomenon,  and  de- 
pendent solely  upon  pressure.  By  increasing  this  pressure  indefi- 
nitely we  may  prevent  ebullition,  and  water  may,  therefore,  be 
heated  red  hot  without  boiling,  if  confined  in  a. vessel  sufficiently 
stroDg^  or,  on  the  contrary,  it  may  be  made  to  boil  at  any  low 
temperature,  by  diminishing  the  pressure  to  the  corresponding 
degree.  English  authors  have  generally  written  incorrectly  and 
obscurely  upon  this  subject.  In  French  treatises  it  will,  however^ 
be  found  properly  and  clearly  discussed. 

Evaporation  evidently  cannot  take  place  rapidly  without  ebulli- 
tion, except  by  the  aid  of  currents  of  air,  and  from  an  exposed  sur- 
face; for  it  is  n.ecessary  that  the, vapor  should  have. the  expansive 
force  requisite  to  make  its  escape  freely,  especially  when  close 
vessels  are  employed.  Yapor  forms  at  all  temperatures^  and  as 
readily  from  ice  as  from  water.  The  air  opposes  to  evaporation  a 
resistance  whi^h  i^  mechanical  only,  like  that  of  a  vessel  in  which 
the  liquid  may  be  confined.  In  vacuo  this  resistance  is  removed^ 
and  the  only  requisites  to  the  instantaneous  transformation  of  the 
whole  qf  the  liquid  into  vapor  are  the  supply  of  the  necessary 
amount  of  heat,  and  sufficient  space  for  expansion.  So. rapidly  do 
liquids  evaporate  apd.  absorb  heat  in  vacuo,  that  water  may  t^us 
be  readily  frozen;  and  an  ingenious  philosophical  toy  has  been  in- 
vented by  Dr.  Wollaston,  called  by  him  b,  cry  op  hor  us  ^  which  serves 
to  show,  in  an  entertaining  and  instructive  manner,  the  freezing  of 
water  by  its  own  evaporation. 

Both  Mr.  D6grand  and  Mr.  Rillieux  assert  that  high  pressure 
steam  cannot  be  employed  for  concentrating  syrups  in  vacua,  with- 
out injury  to  their  color  by  overheating.  Certainly,  if  the  air- 
pump  be  strong  enough  to  produce  and  maintain  a  sufficient  vacuum|. 
the  mass  of  syrup  cannot  be  heated  to  an  injurious  degree,  even  by 
high  steam,  in  consequence  of  the  powerful  refrigerative  action  of 
rapid  evaporation.  But  it  is  possible,  and  even  probable,  when 
bubbles  of  steam  form  in  contact  with  the  metal  of  the  heating 
worm  or  hollow  bottom,  that  they  leave  thin  films  of  syrup  attached 
to  and  moistening  the  hot  metal,  which  may  become  caramelized 
before  the  bubbles  escape.  This  can  be  ascertained  only  by  obser- 
vation; and  it  is  a  question  not  of  opinion  but  of  fact,  to  ^hich  it 
is  sufficient  for  me  to  have  directed  attention. 

In  stating  that  between  the  limits  of  212^  and  32%  ten  consecu- 
tive evaporating  pans  might  be  made  to  boil  at  equi-difi*erent  tem- 
peratures of  20^,  I  do  not  take  into  consideration  the  imperfection 
of  a  practicable  vacuum,  &c.,  which  would  materially  lessen  the 
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number.  It  wouldj  perhaps,  be  impossible  to  form  and  maintain, 
*with  an  air  pump,  a  vacuum  of  less  than  from  two  to  four  inches 
of  pressure;  for  which  the  corresponding  temperatures,  if  water  be 
the  liquid  operated  upon,  would  be  102^  to  127*=^  Fahrenheit.  To 
produce  rapid  condensation,  differences  of  temperature  of  30^  Fah- 
renheit, would  probably  be  insufficient.  And  if  we  increase  these 
differences  nearly  to  50^,  then  with  a  vacuum  of  four  inches  and 
steam  of  three  atmospheres,  that  is  to  say  between  125^  and  275® 
Fahrenheit,  the  series  would  consist  of  four  pans  only,  boiling  at 
125^,  176^,  225°,  and  275®,  respectively.  For  manufacturing  pur- 
poses, this  problem  must  be  studied  with  reference  to  the  maximum 
working  effect;  that  number  of  pans  and  those  temperatures  being 
adopted  which  would  give  the  most  desirable  result;  and  all  atten- 
dant circumstances,  such  as  loss  of  heat  by  radiation  and  in  the 
vrater  formed  by  condensation,  chemical  effects  of  high  tempera- 
tures, etc.,  being  fully  considered. 

It  should  also  be  borne  in  mind  that  in  aqueous  solutions,  owing 
to  the  attraction  between  the  water  and  the  substance  dissolved, 
the  temperature  requisite  to  give  the  degree  of  elastic  force  neces- 
sary to  produce  ebullition,  under  any  given  pressure,  must  be  higher 
than  when  pure  water  is  similarly  treated  ;  because  an  additional 
force,  one  of  chemical  union,  has  to  be  overcome.  A  force  which 
depends  upon  the  quantity  and  nature  of  the  substance  dissolved, 
and  which  may  be  either  constant  or  variable  with  temperature. 
Thus  a  saturated  solution  of 

Alum  boils  at  ••••%•  220""  Fahrenheit. 

, Borax  '*  *'  222  " 

Common  salt  «^  «'  224  <<  , 

Sal  ammoniac  '^ 236  ^^ 

Nitre  "  "  238  " 

Rochelle  salt  "  ^/  240  <« 

It  is  evident  th?it  the  temperature  of  steam,  after  it  has  once  escaped, 
will  depend  solely  upon  the  pressure  to  which  it  is  subjected,  and 
will  be  the  same  whether  formed  from  pure  water  or  any  solution 
whatever.  Hence,  when  syrups  are  evaporated  in  close  vessels,  as 
in  vacuum  pans,  the  liquid  is  hotter  than  the  steam  above;  and  this 
difference  of  temperature,  under  any  given  pressure,  increases  with 
the  degree  of  concentration. 

Finally,  I  may  add,  that  whatever  advantages  the  systems  of 
Derosne  and  Rillieux  may  possess,  Howard's  pan,  if  heated  by 
steam  which  has  been  previously  used  both  for  rolling  the  canes  and 
for  working  the  air  pump,  and  which,  when  condensed,  is  returned 
to  the  boiler,  may  be  found  to  be  capable  of  operating  with  a  de- 

free  of  economy  much  exceeding  the  results  which  have  hitherto 
een  obtained  with  either  of  those  systems.  For  this  purpose,  and 
indeed  whenever  economy  in  the  use  of  the  steam  engine  is  desired, 
the  steam  must  be  used  expansively^  cutting  off  at  that  point  of  the 
stroke,  and  so  regulating  the  velocity  as  to  produce  the  maximum 
effect.  Also  the  power  of  the  air  pump  should  be  such  that  a  suf- 
ficient vacuum  can  be  maintained,  say  one  of  four  inches,  for  in- 
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stance.  A  worm  should  be  used  for  heating,  instead  of  a  steam- 
bottom,  because  it  loses  no  heat,  and  the  external  surface  of  the 
pan  ought  to  be  covered  with  a  nonconducting  jacket.  To  preyent 
all  injury  by  caramelizing  any  portion  of  syrup,  the  steam  used  for 
heating  probably  should  not  hare  a  temperature  exceeding  220^,  or 
a  residual  working  force  of  5  inehes  after  it  comes  from  the  en- 
gine; experience,  however,  must  determine  this  point,  whether  it 
IB  better  to  employ  two  separate  engines  or  only  one  for  the 
mill  and  air  pump,  is  a  question  concerning  which  I  will  only  say 
that  one  large  engine  costs  much  less  than  two  small  on«ji,  both  in 
original  outlay  and  current  expense,  and  the  waste  of  heat  by  two 
fireplaces  and  boilers  is  greater  than  that  of  one  of  double  power. 
It  is  also  less  expensive  in  the  end  to  use  steam  of  not  more  than 
five  atmospheres,  or  60  pounds  pressure  to  the  square  inch,  than 
.steam  of  150  pounds,  as  is  often  done  in  our  country;  the  strain 
being  moderate,  the  wear  and  tear  is  less. 

If  Howard's  pan  were  combined  with  a  double  acting  pamp^ 
which  should  not  only  form  the  vacuum  by  suction,  but  also  force 
the  vapor  disengaged  by  the  syrup  into  the  double  bottom  or  ser- 
pentine tube,  so  as  to  compress  it  and  elevate  its  temperature;  the 
idea  of  using  latent  heat  successively,  and  for  an  indefinite  iiumber 
of  times,  may  be  realized  with  a  single  evaporating  pan.     The  va- 

fwr  thus  condensed  in  the  hollow  bottom  into  water,  gives  off  its 
stent  heat  to  evaporate  a  new  portion  of  syrup  in  the  pan,  which 
in  turn  plays  a  similar  part;  so  that,  if  the  supply  of  syrup  be  kept 
up,  the  action  will  proceed  continuously,  and  the  only  heat  lost 
will  be  that  of  necessity  rtitscined  by  the  condensed  water,  and  the 
portion  dissipated  by  conduction  anxi  radiation.  As  a  given  weight 
of  steam  would,  if  thus  ctmipressed  and  condensed  into  water,  say 
at  212®,  return  to  the  syrup  1,000^  of  latent  heat,  this  heat  would 
be  capable  of  evaporating  another  portion  of  water  which  would 
be  to  the  first  in  the  ratio*  of  1,000  to  1,212,  or  nearly  as  5  to  6; 
bne-sixth  of  the  heat  is  therefore  lost  each  time  in  the  water  of 
condensation.  Hence,  the  total  quantity  of  syrup  evaporated  by 
the  steam  from  the  boiler  will  be  the  sum  of  a  decreasing  infinite 
series  of  which  the  first  term  is  unity,  and  the  ratio  f  nearly;  or 
therefore  as  6  to  1.  And  if  6  cords  of  wood  be  requisite  to  evapo- 
rate a  given  quantity  in  a  common  boiler,  one  cord  should  produce 
the  same  effect  in  such  a  pan.  In  this  estimate  no  allowance,  how- 
ever, is  made  for  the  expenditure  of  fuel  for  working  the  pump,  if 
the  power  employed  for  the  purpose  be  that  of  steam.  The  in- 
genious idea  of  using  latent  heat  sttecessively  by  eompression,  and 
in  the  manner  above  mentioned,  is  due  to  Mr.  Pelletan,  who  con- 
structed an  apparatus  for  the  purpose,  an  account  and  descriptioQ 
of  which  will  be  found  at  page  &3  of  the  2d  volume  of  the  last  edi- 
tion of  Peclet's  TraiU  de  la  Chaleur.  The  apparatus  was  not  well 
contrived, and  the  economical  results  obtained,  though  consequent- 
ly imperfect,  were  yet  three  times  greater  than  those  given  by  or- 
dinary steam  pans. 
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NOTE  I. 
On  fneumaiic  pans  or  tigers j  by  J.  P,  Benjamin^  esq. 


m 


I  believe  it  to  be  true^  that  although  the  tigers  hftd  been  success- 
fully used  in  liquoring  sugar  already  made,  they  never  had  been 
employed  in  receiviog  the  liquid  sugar  as  it  runs  from  the  battery 
and  coDvertiag  it  into  crystals,  until  the  experiment  was  made  oa 
the  Bellechasse  plantation^  belonging  to  Mr.  Packwood  and  myseir; 
but  the  success  of  that  experiment  is  to  be  attributed  alone  to  my 
friend  and  partner  Theodore  J.  Packwood;  and  I  have  no  hesitation 
in  saying,  that  any  man  not  possessed  to  the  full  degree  of  hts 
indomitable  perseverance^  long  experience,  and  intimate  knowledge 
of  the  behavior  of  saccharine  matter  under  all  the  influences  of 
temperature  and  varieties  of  manipulation  to  which  it  can  be  sub- 
jected, would  have  abandoned  the  experiment  in  despair,  as  being 
utterly  hopeless.  It  was  only  after  weeks  of  severe  toil  and  intense 
application,  that  there  appeared  any  prospect  of  ultimate  success; 
and  more  than  three-fourths  of  the  first  crop  made  with  the  tigers 
had  been  taken  off,  before  they  were  worked  with  that  steady  pre- 
cision which  proved  they  could  be  relied  on,  in  the  manufacture  of 
sugar,  as  the  ordinary  moulds  of  the  refiner. 

I  have  stated  that  I  would  treat  of  the  concentration  of  the 
syrups  and  crystallization  of  the  sugar  in  connection  with  the  work- 
ing of  the  tigers,  because  it  is  only  in  that  connexion  that  I  can 
offer  you  any  remarks  not  to  be  found  in  all  the  treatises  on  the 
subject.  It  was  well  remarked  by  your  distinguished  Vice  Presi- 
dent, Judge  Host,  in  his  interesting  address  delivered  to  the  asso- 
ciation in  1845,  tbat  the  vacuum  pan  has  many  decided  advantages 
over  all  other  concentrating  vessels:  that  the  sugar  may  be  grained 
in  the  pan,  and  that  the  granulation  is  completely  under  the  control 
of  the  operator,  who  may  accelerate  or  retard  it  at  pleasure.  Who 
may  carry  it  so  far  that  sugar  will  not  run  from  the  pan,  and  may 
so  conduct  it  as  to  increase  almost  at  will  the  size  and  hardness  of 
the  crystals.  All  this  is  true;  and  it  is  also  true,  as  be  has  stated^ 
that  the  tigers  cannot  be  used  for  sugar  boiled  in  any  other  manner 
than  in  the  vacuum  pan.  Allow  me,  then,  to  explain  to  you  in 
what  manner  the  tigers  are  constructed,  how  the  sugars  are  to  be 
boiled  for  being  worked  in  them,  and  the  mode  of  conducting  the 
operations  afterwards. 

The  pneumatic  pan  or  tiger  is  an  oblong  box  divided  into  two 
parts.  A  convenient  size  has  been  found  to  be  eight  feet  in  lengtk 
and  four  feet  in  width.  The  two  parts  of  the  tiger  are  divided  by 
a  frame  covered  with  cloth,  made  of  copper  wire,  which  forms  a 
false  bottom;  the  lower  half  is  of  cast  iron  and  is  about  twelve 
inches  in  depth,  with  a  slope  from  all  sides  towards  the  centre,  at 
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which  point  is  a  cock  for  draining  off  molasses  from  the  sufi^ar  which 
is  poured  into  the  upper  part  and  which  is  drained  through  the 
seive  like  false  bottom  above  alluded  to.     The  upper  part  is  about  , 

sixteen  inches  in  depth;  it  is  made  of  sheet   iron   or  wood,  with  a  j 

ledge  of  about  half  an  inch  in  width,  running  all   round  the  inside  I 

at  the  line  or  junction  with  the  lower  half;  this  ledge  servee  as  the  I 

support  for  the  frame,  which  is   also  supported  from   beneath  by  a  | 

thin  plank  set  on  edge,  and  running  from  end  to  end  of  the  tiger; 
the  lower  part  of  this  plank  is  scooped  out  in  two  or  three  places, 
so  as  to  leav«  free  passage  for  the  diainage  from  all  parts  of  the 
bottom  to  the  cock  at  the  centre.  An  opening  in  the  false  bottom, 
is  connected  by  a  valve  with  a  pipe  running  to  the  air  pump  that 
is  worked  by  the  engine  that  drives  the  mill,  and  another  smnll 
opening  connects  with  a  steam  pipe,  furnished  with  a  cock  by  which 
the  steam  can  be  admitted,  or  shut  off,  at  pleasure,  and  the  use  of 
which  will  be  presently  noticed. 

The  theory  of  the  working  of  the  tigers  is  seductive,  from  its  ex- 
ceeding simplicity.  The  pressure  of  the  atmosphere  being  calcu- 
lated at  fifteen  pounds  to  the  square  inch,  if  sugar  be  placed  on  the 
upper  part  of  the  tiger,  and  a  vacuum  created  beneath  the  false 
bottom  by  pumping  out  the  air,  every  square  inch  of  the  surface  of 
the  sugar  is  pressed  in  by  a  weight  of  filteen  pounds,  which  is  suf- 
ficient to  drive  through  the  false  bottom  all  that  is  liquid  in  the 
mass,  and  thus  leave  the  pure  crystals  above,  they  being  too  large 
and  too  hard  to  be  forced  through  the  meshes  of  the  wire.  In 
practice  very  great  diflSculties  occurred:  if  the  sugar  was  boiled 
kighj  as  the  sugar  makers  term  it,  the  syrup  became  so  viscid  as  to 
adhere  to  the  crystals,  and  the  pressure  of  the  atmosphere,  instead 
of  driving  it  through,  had  the  effect  of  compressing  the  whole  mass 
into  one  solid  body,  as  hard  as  a  loaf  of  refined  sugar,  and  which 
could  only  be  removed  from  t^e  tiger  by  the  aid  of  pickaxes  and 
hatchets,  requiring  immense  labor,  and  tearing  to  pieces  the  wire 
cloth,  Vvhich  is  expensive.  If  the  sugar  was  boiled  light^  as  it  is 
termed,  nearly  the  whole  battery  would  run  through  the  false  bot- 
tom, when  the  vacuum  pan  was  discharged,  and  the  operation,  thus 
conducted,  would  clearly  be    not   profitable.     It  is,  therefore,  evi-  | 

dent  that  the  mode  of  boiling  or  crystalling  the  sugar  in  the  vacuum  ; 

pan  is  the  most  essential  point  for  consideration  ad  regards  the  li- 
quoring in  the  tigers,  and  that  this  process  can  only  succeed  by 
obtaining  from  the  battery  a  mass,  composed  of  firm  and  large  crys- 
tals floating  as  it  were  in  a  light  and  fluid  syrup.  This  object  can 
only  be  attained  by  great  art  in  the  sugar  boiler,  and  the  mode  of 
so  doing  is  an  application  of  the  principles  of  crystallization,  which 
you  will  find  stated  by  Professor  McOulloh  in  his  report.  *  A  de- 
scription of  the  process  would  carry  me  too  far,  but  I  may  state 
generally,  that  the  syrup  is  to  be  evaporated  in  successive  portions, 
so  that  the  crystals  of  each  portion  may  form  nuclei^  which  are 
successively  enlarged  at  each  fresh  charge  of  syrup  introduced  into 
the  pan;  these  successive  charges  of  syrup  are  always  small,  and 
the  fluidity  of  the  mother  liquor  of  the  crystals  is  preserved  by  the 
changes  of  temperature  and  density  b*eing  kept  moderate;  whereas 
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ti  rapid  evaporation  in  mass  of  the  syrup  would  be  attended  by  a 
violent  agitation^  an  absence  of  nuclei ^  around  which  large  crystals 
could  form,  and  the  result  would  be  a  small  and  confused  grain, 
totally  unsuited  for  working  in  the  tigers. 

The  sugar,  when  boiled  to  the  proper  point,  flows  from  the  pan 
into  the  tiger  in  a  thick  mass,  composed  of  crystals  floating  in  a 
fluid  syrup,  and  being  boiled  at  a  low  temperature,  cools  so  rapidly 
that  it  frequently  requires  the  assistance  of  the  workmen  to  scrape 
it  along  the  trough  and  accelerate  its  passage  towards  the  tigers, 
unless  the  fall  from  the  pan  towards  them  is  very  precipitous. 
When  received  into  the  tigers  it  is  allowed  to  cool  for  a  few  hours, 
during  which  time  it  has  oecome  thoroughly  crystallised,  the  mo- 
ther liquor  of  crystallization  has  passed  through  the  bottom  and 
the  whole  mass  is  then  as  well  purged  as  sugars  made  in  the  open 
kettles  are,  after  remaining  a  fortnight  in  the  purgeries.  The  sur- 
face is  then  removed  and  mixed  with  water  so  as  to  form  a  thick 
paste,  such  as  the  refiners  call  a  magma  and  is  again  spread  on  the 
top  of  the  tiger,  which  is  allowed  to  drain  for  three  or  four  hours 
— at  the  end  of  that  time  it  presents  a  color  equal  to  the  inferior 
grades  of  white  Havana  sugar,  but  the  crystal  is  larger  and' more 
beautiful.  White  syrup  is  then  poured  on  it,  and  the  air  pump  is 
applied,  which  forces  the  syrup  through;  the  syrup  in  its  passage 
displaces  the  last  pellicle  of  coloring  matter  that  still  adheres  to 
the  surface  of  the  crystals  and  leaves  the  sugar  perfectly  white;  the 
action  of  the  air  pump  is  continued  for  the  purpose  of  drying  the 
sugar  in  a  measure,  and  at  the  end  of  twenty-four  hours  from  the 
time  when  the  battery  was  poured  into  the  tiger,  it  is  shovelled  out 
in  perfectly  pure  white  crystals,  and  thrown  on  the  floor  of  a  r»om 
heated  by  steam  pipes,  where  the  little  remaining  moisture  is.evap- 
orated,  and  the  sugar  is  then  ready  for  market-^the  entire  process, 
including  the  putting  it  into  packages,  requiring  a  period  of  less 
than  forty-eight  hours. 

After  the  tigers  have  been  used  three  or  four  times,  the  meshes 
in  the  false  bottom  become  clogged,  by  the  small  crystals  that  are 
forced  into  them,  and  the  steam  is  then  let  under  the  false  bottom 
through  the  pipe  before  described;  it  melts  these  crystals,  and  with 
a  brush,  the  workmen  in  a  few  minutes  has  the  bottom  so  cleaned 
as  to  be  ready  to  receive  a  fresh  battery.  This  pipe  is  also  ser- 
viceable when  through  a  mistake  of  the  boiler  the  crystal ization 
has  been  improperly  conducted  and  a  crust  forms  in  the  bottom; 
the  steam  may  be  used  to  loosen  it,  and  thus  avoid  injury  to  the 
wire  cloth. 

Notwithstanding  the  perfection  of  the  results  obtained  by  this 
mode  of  liquoring  and  drying  sugar,  gentlemen,  it  is  not  to  be  re- 
commended for  adoption  by  anyone  who  is  unable  to  give  to  it  his 
personal  superintendence,  or  to  procure  the  services  of  an  intelli- 
gent and  attentive  agent.  It  requires  constant  care  and  watchful- 
ness, and  any  mistake  in  boiling  the  sugar,  whether. arising  from 
ignorance  or  inattention,  causes  muoh  trouble  and  labor.  Sugar 
made  from  frosted  or  fermented  canes,  or  from,  the  unripe  cane 
which  is  frequently  cut  from  new  ground,  or  from  land  freshly  ma- 
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Bured  bv  a  crop  of  peas^  coald  scarcely  be  worked  in  them  at  all^ 
and  in  all  such  cases  we  have  found  it  more  profitable  to  put  the 
sugar  into  hogsheads  and  allow  it  to  drain  in  the  purgery,  in  the 
usual  mode.  But  when  the  cane  juice  is  pure  and  sound  and  from 
ripe  cane^  I  have  seen  nothing  equal  to  the  beauty  and  economy  of 
the  process,  when  conducted  with  skill  and  care. 


NOTE  K. 

On  Mr.  SchutzenbacVs  new  process^  by  continuous  liquoring. 

[Translated  from  a  lattt  Gdrman  treatise  on  sugar  Hj  Schmidt|  and  commaoioated  by  J. 
P.  Benjamin,  esq.] 

By  adhering  to  the  following  rnles,  it  is  possible  to  obtain  from 
raw  sugar  and  from  cane  juice  all  the  crystallizable  sugar  therein 
contained  within  one-half  of  a  per  cent,  of  the  amount  indicated 
by  chemical  analysis^  and  that  in  the  shape  of  beautiful  refined 
loaf  sugar: 

1st.  Solutions  of  sugar  containing  any  slimy  or  gummy  matter 
must  not  be  reboiied  in  order  to  obtain  therefrom  refined  sugar, 
unless  required  by  necessity;  but  the  raw  material  must  first  be 
purged  by  other  means. 

2d«  Slimy  or  gummy  solutions  of  sugar^  when  reboiied,  must  not 
be  boiled  beyond  the  point  which  leayes  from  3S  to  d4  per  cent,  of 
water  in  the  solution,  so  that  the  crystallizable  sugar  contained  in 
the  solution  may  remain  uninjured. 

3d.  Syrups  must  be  reboiied  as  seldom  as  possible,  and  the  crys- 
tallicable  sugar  contained  in  them  must  be  extracted  in  the  shape 
of  crystals  by  other  processes. 

4th.  Drainage  of  syrup  from  crystallizable  sugar  must  be  accele* 
rated  as  much  as  possible,  so  as  to  avoid  fermentation. 

6th.  All  ingredients  containing  nitrogen  must  be  avoided  in  de- 
fecation, and  clarification  must  be  accomplished  by  other  means. 

6th.  Metal  forms  must  be  used  instead  of  earthen  ware,  and  the 
sugar  must  not  be  clayed  but  liquored  with  syrup. 

7th.  As  far  as  possible  all  the  circumstances  and  conditions 
suitable  for  aiding  the  formation  of  crystals  in  a  raw  material 
already  nearly  exhausted  by  previous  working,  and  which,  under 
the  ordinary  process,  would  yield  no  more  crystals,  must  be  united 
and  combined. 

The  mode  of  work  necessary  to   accomplish  the   ends  suggested  . 
in  the  foregoing  rules  is  as  follows: 

The  crystals  must  first  be  freed  from  the  molasses  which  covers 
thiem,  or  rather  from  the  molasses  which  is  milced  up  with  the 
grain  into  whioh  the  crystals  have  been  crushed.  Foreign  sugars, 
•s  sold  in  Europe,  contain  scarcely  any  entire  crystals.  They  are 
generally  reduced  to  a  powder,  either  by  grinding,  or  from  having 
remained  too  long  in   store,  or  by  transportation.     The   firtot  step 
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required,  therefore,  is  to  reproduce  the  crystals  in  order  to  wash 
them.  The  molasses  is  the^  separated  bj  liquoring  and  drainage, 
and  not  by  repeated  boilings. 

The  crystals  are  reproduced  by  dissolving  the  sugar  in  syrup  of 
a  suitable  quality,  which  is  always  on  hand  in  every  well  organized 
sugar  refinery.  They  must  be  blown  up  at  a  temperature,  not  ex- 
ceeding 80^  Reaumur,  the  syrup  being  constantly  stirred  so  aa  to 
prevent  any  part  of  the  sugar  from  being  burnt.  As  soon  as  the 
solution  is  complete,  it  must  be  put  in  coolers  uniting  all  condi- 
tions requisite  to  allow  the  crystals  to  form  regularly,  and  after- 
wards to  drain  easily. 

As  soon  as  the  crystallization  has  taken  place,  the  sugar  is  placed 
for  purging  in  boxes,  which  are  so  constmtted  as  to  allow  the  green 
syrup  to  purge  freely,  and  the  syrup  used  for  liquoring  to  pene- 
trate easily  the  layers  of  crystals.  These  boxes  are  of  such 
dimensions  as  to  allow  of  being  worked  with  facility  and  regu- 
larity. 

Ordinary  sugar  moulds  are  from  66  to  83  centimetres  in  depth; 
but  the  layers  of  crystals  in  the  boxes  are  only  31  centimetres  deep; 
consequently,  both  the  green  syrups  and  liquoring  syrup  run  off  more 
easily  and  rapidly;  the  draining  surface  being  40  to  60  times  greater 
than  in  moulds,  and  the  depth  of  the  crystals  only  ^  or  |  as  great. 

If  these  purging  boxes  are  not  made  of  proper  dimensions,  and 
if  the  meshes  of  the  wire  cloth  which  form  the  bottom  be  not  duly 
proportioned  to  the  size  of  the  crystals,  (which  must  be  regular,) 
the  process,  which  we  term  continuous  liquoring^  {clairce  continue^) 
cannot  be  used  with  success.  By  this  process  }  of  the  crystalliza- 
ble  sugar,  contained  in  the  sirop  used  for  liquoring,  are  obtained, 
(at  the  same  time  that  the  liquored  sugar  is  washed  and  whitened,) 
simply  by  the  spontaneous  evaporation  of  the  water,  which  is  much 
facilitated  by  the  large  surface  which  the  boxes  offer  to  the  atmos- 
phere. By  this  method,  therefore,  it  is  very  easy  to  whiten  the 
crystals  of  the  sugar,  and  yet  avoid  the  necessity  of  reboiling  the 
syrup  used  for  liquoring,  as  is  usually  done  in  order  to  obtain  from 
it  such  crystals  as  it  contains. 

It  is  for  these  reasons  that,  by  this  new  process,  in  three  days, 
and  with  scarcely  any  expense  for  labor  and  fuel,  75  to  80  per  cent, 
of  pure  white  sugar  are  obtained  from  the  quality  of  sugar  called 
fair  brownj  (bonne  quatri6me,)  while,  by  the  ordinary  process, 
not  only  is  there  an  expense  in  reboiling,  and  a  loss  of  sugar  re- 
sulting therefrom,  but  the  result  is  only  55  to  60  per  cent,  of  white 
sugar  obtained  in  10  or  13  days,  if  the  forms  are  liquored,  or  in  36 
to  30  days  if  they  are  clayed. 

After  thus  obtaining  in  three  days  75  to  80  per  cent,  of  white 
sugar  contained  in  the  syrup,  the  remaining  10  to  15  per  cent,  must 
be  extracted  from  the  drainings,  which  require  to  be  reworked, and 
which  are  now  too  heavily  charged  with  impurities  to  be  used  for 
dissolving  a  fresh  quantity  of  raw  sugar.  The  sugar  contained  in 
the  drainings  cao,  however,  be  extracted  by  following,  strictly,  the 
rules  above  giveui  viz:  to  boil  down  only  to  a  pointy  where  there 
remains  in  the  sirop  33  to  31  per  cent,  of  water,  and  then  to  put 
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it,  for  crystallization,  in  vessels  where  it  can  remain  for  a  sufficient 
length  of  time  under  the  influence  of  the  temperature  required  for 
forming  large  and  hard  crystals.  After  the  crystallization  is  com- 
pleted, the  green  syrup  is  drawn  off,  and  the  sugar  is  liquored  with 
white  sirops.  These  green  syrups,  which  are  now  nothing  but  a 
mother  liquor  containing  a  large  quantity  of  impurities,  and  almost 
wholly  devoid  of  crystallizable  sugar,  are  subjected  to  a  new  boil- 
ing as  before,  and  then  removed  to  large  cisterns  for  crystalliza- 
tion. 

It  is  indispensable  to  maintain  a  somewhat  elevated  temperature, 
in  order  to  obtain  again  regular  crystals  fromsyrups  boiled  a  second 
time,  which,  by  reason  of  a  previous  crystallization,  have  been  almost 
exhausted,  and  which  are  mixed  with  a  large  quantity  of  slimy  mat- 
ter. These  syrups  contain,  on  the  one  hand,  only  the  thirtieth  part  of 
the  crystallizable  sugar  contained  in  the  raw  material,  and,  on  the 
other  hand,  all  its  impurities.  If  such  syrups  are  boiled  too  high,  and 
then  exposed  to  a  low  temperature,  the  atoms  of  crystallizable 
sugar  cannot  approach  each  other  and  are  lost  in  the  mass,  which 
has  now  the  appearance  of  bird  lime.  If  afterwards,  under  favor- 
able circumstances,  crystals  are  formed,  they  remain  small.  For  this 
reason,  stone  cisterns,  sheltered  .from  atmospheric  influence,  should 
be  used  to  promote  the  crystallization  of  such  syrups,  whereas  in 
forms  and  other  small  vessels  they  would  not  yield  any  crystals  at 
all.  After  the  crystallization  is  completed,  the  mass  is  taken  from 
these  cisterns,  the  g:reen  syrup  allowed  to  drain,  and  the  crystals 
washed  in  the  manner  above  described. 

Brown  sugars,  of  which  the  crystals  are  sufficiently  well  pre- 
served, are  put  into  the  boxes  and  treated  by  the  process  of  conti- 
nuous liquoring,  without  restoring  the  crystals.  In  this  case  no 
green  syrups  are  obtained,  but  the  syrups  used  in  liquoring,  which 
have  already  lost  too  much  of  their  crystallizable  sugar  and  become 
too  impure  for  further  use  as  liquor,  are  treated  in  the  same  manner 
as  above  explained  for  the  green  syrup,  which  runs  from  sugar 
whose  crystals  have  been  restored. 

As  a  general  rule,  only  such  sugars  should  be  employed  for  refin- 
ing purposes  by  the  new  method  as  have  been  purged  and  are  equal 
in  quality  to  the  best  clayed  colonial  sugars.  After  the  slimy  mat- 
ter contained  in  raw  sugar  has  been  separated,  it  is  very  easily  re- 
fined into  such  loaves  as  are  used  in  commerce. 

This  operation  is  to  be  thus  conducted:  the  purged  sugar  must 
be  dissolved  in  water  and  the  solution  when  of  proper  density  is 
heated  to  the  boiling  point  and  filtered  through  bone  black.  The 
syrup  comes  through  perfectly  white,  and  is  clear  as  water,  and 
without  being  treated  with  finings  it  is  boiled  as  usual.  No  altera- 
tion need  be  apprehended,  as  no  slimy  matter  is  contained  in  the 
solution.  After  being  brought  to  the  striking  point,  the  sugar  is 
raised  to  a  sufficient  temperature  for  granulation,  by  means  of 
heaters,  if  the  vacuum  pan  has  been  used,  or  by  coolers  if  boiled 
under  atmospheric  pressure,  and  then  filled  into  forms.  Earthen 
forms  should  not  be  used,  but  iron  forms  coated  with  a  vartiish 
-ci^pable  of  bearing  heat  without  scaling.  The  drawing  of  the  green 
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syrup,  the  hauling  ftud  stirring  are  performed  as  usual.  In  order 
to  obtain  the  loaves  perfectly  white,  they  should  not  be  clayed,  but 
liquored  with  a  colorless  syrup,  which  is  merely  a  saturated  solution 
of  pure  sugar  in  cold  water. 

The  prejudice  against  the  use  of  syrup  for  liquoring  is  inconceir* 
able.  If  clay  is  used,  the  bleaching  takes  place  in  the  same  man- 
ner as  with  syrup,  because  the  water  oozing  through  the  clay  dis- 
solves a  certain  quantity  of  sugar.  The  difference  is  only,  that  in 
the  latter  case  the  syrup  is  produced  in  the  form  itself,  under  very 
unfavorable  circumstances,  whereas,  in  the  former  case,  the  syrup 
is  previously  prepared  under  the  most  favorable  circumstances. 

The  crystallization,  drainage,  liquoring,  and  second  drainage  of 
the  liquor,  require  seven  or  eight  days.  The  loaves  are  taken  out^ 
the  wet  tips  cut  off  and  others  added  in  their  place,  which  is  done 
by  a  very  simple  machine.  The  loaves  are  then  reversed,  allowed 
to  remain  twenty-four  hours  in  this  position,  and  afterwards  dried 
in  a  drying  room  by  means  of  a  strong  current  of  air,  at  a  temper- 
ature which  should  not  exceed  95^  Fahrenheit,  and  which  should 
also  be  kept  up  during  the  first  twenty-four  hours. 

The  whole  process  of  refining,  from  the  first  dissolving  of  the  raw 
sugar  to  the  packing  of  the  loaves  in  paper,  requires  from  forty  to 
fifty  days.  The  product  of  this  mode  of  operation,  if  properly  con- 
ducted, is  always  beautiful  loaf  sugar  of  the  very  best  quality.  The 
size  of  the  grain,  if  required  large  or  small,  depends  on  the  skill 
of  the  boiler.  The  green  syrup  from  the  loaves  is  employed  as  a 
liquor  for  the  sugar  in  the  boxes,  and  there  deposites  nearly  all  the 
crystallizable  sugar  contained  in  it;  this  is  the  reason  why  nothing 
but  first  quality  of  refined  sugar  is  obtained  by  the  new  method^ 
without  exposure  to  the  expense  and  loss  inherent  in  the  old  sys- 
tem. 

Cane  juice,  after  being  converted  into  syrup  of  such  density  as  to 
contain  from  22  to  24  per  cent,  of  water,  so  as  to  avoid  the  decom- 
position which  would  result  by  subjecting  it  to  a  heat  sufficient  to 
produce  a  greater  density,  should  be  thrown  into  crystalisers  of  a 
capacity  of  at  least  200  gallons.  In  all  other  respects,  as  regards 
cr}stallization  and  liquoring,  the  treatmept  is  the  same  as  above 
described  for  raw  sugars  whose  crystals  have  been  restored.  The 
green  syrups  are  boiled  down  in  the  same  manner  as  the  syrups 
which  give  the  first  product.  The  drips  are  used  in  the  same  man- 
ner as  those  from  the  raw  sugars,  and  the  same  principles  adhered 
to.  The  first  product  of  pure  sugar  is  obtained  in  four  days  from 
the  time  the  juice  leaves  the  mill,  the  second  two  days  afterwards^ 
and  the  third  on  the  eighth  or  ninth  day.  Consequently,  in  nine 
days  we  get  three-fourths  of  the  pure  sugar  contained  in  the  juice* 
It  has  been  previously  stated  that  40  or  60  days  are  necessary  to 
obtain  the  first  quality  of  loaf  sugar.  The  cost  of  this  new  method 
is  rather  less  than  that  of  the  old;  the  same  product  in  weight  is 
obtained,  but  instead  of  raw  sugars  the  first  quality  of  refined  sugar 
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